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EXPLANATIONS OF FIGURE 99. 

STEAM ENGINE. 



For a fbn descriptioii, aee pige 385—839. 



A A The Boiler. 
B B Fire Plaice. 
X X Flues. 
C C Steam Pipe. 
D D Steam Box. 

Y T The Piston which works in l!ie Cylinder. 
JS Steam Pipe to convey Steam to force down the Piston. 
F Steam Pipe to convey Steam to force up the Piston. 
JVoto. See Fig. 40 (on neit page) for an enlarged plan of the 

Box, Cylinder, dus. 
G Pipe from Steam Box to the condenser. 
H H The Condenser. 

V and W Cranks to work the Valve II. See Fig. 40. 
X The Eccentric to work the cranks V and W 

U Fly Wheel to equalize the motion of the machinety. 

L L Cistern of Cold Water to condense the steam. 

C Injection Cock to let cold water into the condenser. 

M M Air Pump communicating wRh the bottom of the condenser. 

N Small Cistern. 

Forcing Pump attached to cistern N. 

P Q R S, represents a plan (with the exception of one pipe) connect-' 
ed with the cistern N and the forcing pump O to ascertain the quan* 
tity of water in the boiler— R is a float always resting on the sorftce 
of the water in the boiler. 

T T The Lever or Working Beam. 

1 Piston Rod to work the Fiston in the Cylinder. 

2 3 4 Rods to work the Pumps. 

5 Rod to work the Main Shall, Fly Wheel, and Eccentric. 

6 The Throttle Valve. 

a 1^ b c d represents an apparatus connected with the Throttle Valve 
which regulates the quantity of steam which. enters the cylinder 
firom the boiler; it is called the Governor, 

e f g h A system of Levers or Rods to cause the parallel motion of th» 
Piston Rod. 



Btprettn^ng Ae Cyiinder and IKe Pipea eomecied wtth the 
SUtim Box vpon an eniarged leaU. 




DJ) Tbe Steun Boi.' 

Z.Z The Cjltnder in wUeh tha Rshn mom. 

E.E Sleun Pipe to codts; Slewn to fbrM down tlw FfitaB. 

F.F. Sleun Pipe to ooiiTey Bteun lo fiue* tip Uw Futon. 

Y.T Pirion fitted to w*rk in tha Crlindei. 

Q Pipe from Steam Box to CiatdeiuBi. 

U A Honow Sliding ViItb. 

C Staun Pipe ftom the Bcdier. 
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ADVERTISEMENT. 
OP THE AMERICAN EDITOR. 

The familiar and agreeable manner in which the " ConvenatlgM on 
Chemistry " are written, renders this one of the most popular treatises on 
the subject which lias ever appeared. The elegant and easy style also, in 
which the authoress has managed to convey scientific Instmotion is peculiarly 
adapted to the object of the work. 

In some respects, however, the English edition qi.ay be. considered as 
objectionable. A book designed for the instruction of youth, ought, if 
possible, to contain none but establislied principles. 

Known and allowed facts are always of much higher consequence thaa 
theoretical opinions. To youth, particularly, by advancing as trutlis, doc- 
trines which have arisen out of a theory not founded on demonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs. Bryant has not been sufficientlj 
guarded. The brilliant discoveries of Sir Humphrey Davy, and his knowa 
eminence as a Chemical Philosopher, seem in many instances to have given 
his opinions an authority^ which, in the mind of the writer, superseded further 
investigation. Indeed, inferences are sometimes drawn from these opinions 
which tliey hardly warrant. Under this view of the subject, a part of the 
notes is designed to guard the pupil against adopting opinions which he will 
find either oontradicted, or merely examined by most chemical writers. In 
addition to this, I have made such explanations of the text as I thought would 
asffist the pupil in understanding what he reads. 

In attempting to make th'vi science popular, and of general utility, it is of 
great importance that tlie experiments come within the use of such instru- 
ments as are easily obtained. I have therefore given such directions on this 
subject, as my former experience as a lecturer, with a small apparatus, tauglit 
me to believe would be of service. 

The list of experiments was chiefly made up without referring to books; 
•ome few of them, however, are copied from Parke, Accum, &c. 

REMARKS BT THE REV. MR. BLAKE. 

The questions, in the present edition, are placed at the bottom of the sev- 
eral pages to which they relate. This plan has been adopted in the Boston 
edition of Conversations on Natural Philosophy, and is become very popular 
The advantages of it are too obvious to escape observation, and, of course, 
to need being particularized. It will be seen that the questions are more 
numerous than they were in tlie two first impressions from this copy. It 
may be supposed by persons not acquainted with teaching, that they are too 
numerous, as some of them are repeated in various forms, and others are 
seemingly unimportant. But it is found necessary that scholars should be 
examined on every page, and upon nearly every pai'agraph^ whether there is 
any thing very important or not. No small portion of learners will pass 
over without study, all in which they are not to be questioned. Hence what 
might be called a MyUm of questions would be quite insufficient. 



PREFACE. 

lit venturing to offer to the |>ubHc, and more particularly to the 
female sex, an introduction to Chemistry, the author, herself a 
woman, conceives that some explanation may be required ; and she 
ieels it die more necessary to apologize for the present undertaking 
as her knowledge of the subject is but recent, and as she can have 
no real claims to the title of chemist. 

On attending for the first time experimental lectures, the author 
found it almost impossible to derive any clear or satisfactory infor- 
mation from tlie rapid demonstrations which are usually, and per- 
haps necessarily, crowded into popular courses of this Kind. But 
frequent opportunities having afterwards occurred of conversing 
with a friend on the subject of chemistry, and of repeating a variety 
of experiments, she became better acquainted with the principles cf 
that science, and began to feel highly interested in its pursuits. It 
was then that she |3erceived, in attending to the excellent lectures 
delivered at the Royal Institution, by the present professor of Che- 
mistry, the great advantage which her previous knowledge of the 
subject, slight as it was, gave her over others who had not enjoyed 
the same means of private instruction. Every fact or ex|ienm6Dt 
attracted her attention, and served to explain some theory to which 
she was not a total stranger ; and she bad the gratification to find 
that the numerous and elegant illustrations, for which that school 
fbio much distinguished, seldom failed to produce on her mind the 
effect for which they were intended. 

Hence it was natural to infer, that familiar conversation was, in 
studies of this kind, a most useful auxiliary source of information ; 
and more especially to the female sex, whose education is seldom 
calculated to prepare their minds for abstract ideas, or scientific 
langua^sre. 

As, however, there are but few women who have access to this 
mode of instruction ; and as the author was not acquainted with any 
book that could prove a substitute for it, she thought it might be 
useful for besinners, as well as satisfactory to herself, to trace the 
steps by which she had acquired her little stock of chemical know- 
ledge, and to record, in Uie form of dialogue, those ideas which she 
bad first derived from conversation. 

But to do this with sufficient method, an(«:to fix upon a mode of 
arrangement was an object of some difficulty. After much hesita- 
tion, and a degree of embarrassment, which, probably, the most 
competent chemical writers have often felt in common with th^ 
most superficial, a mode ot division was adopted, which, though the 
most natural, does not always admit of being strictly pursued — it 
is that of treating first the simplest bodies, and then gradually rising 
to the most intricate compounds. 

It is not the author's intention to enter into a minute vindication 
of this plan. But whatever may be its advantages or inconvenien- 
ces, the method adopted in this work is such, that a young pupil, 
who should only recur to it occasionally with a view to procure in- 



fbrmadon on partlcnlar Bubjects, might often find it obscure or un- 
satisfactory ; tor its various parts are so connected with each other 
as to form an uninterrupted chain of ftcts and reasonings, which 
'Will appear sufSciently clear and consistent to tliose only who may 
have patience to go throuffh the whole work, or have previously 
devoted some attention to the subject 

It will, no doubt, be observed, that in the coiurse of these Conver- 
sations, remarks are often introduced, which appear much too acute 
fi>r the young pupils, by whom they are supposed to be'made. Of 
this fiiult the author is fully aware. But, in order to avoid it, it 
"would have been necessary either to omit a variety of useful illu3- 
trations, or to submit to such minute explanations and frequent 
repetitions, as would have rendered the work tedious, and therefore 
lesB suited to its intended purpose. 

In writing these pages the author vnis more than once checked in 
ber fnt^gress, by the apprehension tbat such an attempt might be 
considered by some, either as unsuited to the ordinary pursuits of 
her sex, or ill-justified by her own imperfect knowledge of the sub- 
ject But, on the one band, she felt encouraged by the establish- 
inen.t ofthose public institutions, open to both sexes, for the dissemi- 
nation of philosophical knowledge, which clearly prove that the 
general o^Rnion no lon^r excludes woman from an acquaintance 
with the elements of science ; and, on the other, she flattered her- 
selfj that whilst the impression made upon her mind, by the won- 
ders of Nature, studied in this new point of view, were still fresh 
and strong, she might perhaps succeed the better in communicating 
to others the sentiments she herself experienced. 

The reader will pereeive, in perusing this woric, that he is sup- 
posed to have previously acquired some slight knowledge of Natu • 
tal Phikwophy, a cireumstance so derarable, that the author ha% 
since the original publication of this work, been induced to oflert^^ 
the public a small tract, entitled <* Conversations on Natural Phi*" 
loflpphy," in which the most essential rudiments of that science m 
fepuliariy explained. 
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CONVERSATION I. 



ON TH£ GENERAL PRINCIPLES OF CHEMISTRT. 

Mrs, B. As you have now acquired some elementary notions 
cf^NATURAii Philosopht,' I am going to propose to you another 
branch of science, to which I am particularly anxious that you 
shoujd devote a share of your attention. This is Chemistrt, 
which is so closely connected with Natural Philosophy, that the 
study of the one must be incomplete without some knowledge of 
the other ; for,Ut is 'obvious that we can derive but a very imperfect 
idea of bodies &om the study of the general laws by which tiiey are 
governed, if we remain totally ignorant of their intimate nature! 

Caroline. To confess the truth, Mrs. B., I am not disposedTto 
form a very fiivorable idea of Chemistry, nor do I expect to deiiye 
much entertainment from it. I prefer the science* whidi exhibit 
nature on a grand scale, to those that are confined to the minutiK 
of petty details. Can the studies which we have lately pursued, 
the general properties of matter, or the revolutions of the heavenly 
bodies, be compared to the mixing up of a few insignificant drugs ? 
I grant, however, there may be some entertaining experiments in 
Chemistry, and should not dislike to try some of them ; the distil- 
ling of lavender, for instance, or rose water.... 

Mrs, B. I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds irom the very limited idea you enter- 
tain of its object, xou confine the chemist's laboratory to the nar- 
row precincts of the apothecary's and perfumer's shops, whilst it is 
subservient to an immense variety of other useful purposes. Be- 
sides, my dear, chemistry is by no mean^ confined to works of art. 
Nature also has her laboratory, whidi isithe universe, and there she 
is incessantly employed in chemical operations. You are surprised, 
Caroline ; but I assure you that the most wonderful and the most 

1. With what other study is that of chemistry closely connected ? 

2. Why is the study of Natural Philosophy incomplete without 
that of Chemistry ? 

3. What does Mra. B. consider a chemical laboratory, in its most 
extended signification ? 

2* 
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interesting phenomena of natore, and almost all of them produced 
by cheiTiical powers. Whal/Bergman, in the introduction to his 
history of chemistry, has saicK)f this science, will give you a more 
just and enlarged idea of iU The knowledge of nature may be divi- 
ded, he observes, into'\three periods. The first is that in which the 
attention of men is occupied in leamins the external forms and 
characters of objects, and this is called^iVa/ura/ History^ In the 
second, they consider the efiect of bodies acting on each other by 
their mechanical power^ as their weight and. motion, and this con- 
stitutes the science oi\ Natural Phihsoph/, The third period tar 
that in which the properties and mutual action of the elementary 
parts of bodies are investigated. This last is the science of Chem- 
istry, )and I have no doubt you will soon agree with me hrthink- 
ing it the most interesting. 

You may easily conceive, therefore, that without entering into 
the minute details of practical chemistry, a woman may obtain such 
a knowledge of the science as will not only throw an interest on 
the common occurrences of life, but will enlarge the sphere of her 
ideas, and render the contemplation of nature a source of delight- 
ful instruction. 

Caroline, If this is the case, I have certainly been much mista- 
ken in the notion 1 had formed of chemistry. I own that I thought 
it was chiefly confined teethe knowledge and preparation of medir 
cines. 

Mrs. B, . That is only a branch of Chemistry which is called 
Pharmacy, and though the study of it is, no doubt, of great import- 
ance to the world at large, it belongs exclusively to professionsil 
men, and is therefore the last that I should advise you to pursue. 

linily. But did not the chemists formerly employ themselves in 
search of the philosopher's stone, or the secret of making gold ? • 

• The Alchymists had in view three great objects of discovery, 
viz. 1st. The Elixir of health; by the use of which the lives of men 
might be protracted to any desirable length, or their mortality pre- 
vented. 2d. The univ^sal solvent) or a liquid which should dis- 
solve every other substance. This,' it was supposed, would lead to 
the grand discovery. 3d. The making of gold ox finding the phi- 
losopher's stone. '1 hat men of sound and discriminating minds on 
other subjects should have spent their whole lives in pursuits so 
chimerical, is to us wonderful indeed. But our wonder ceases in 
some degree, when we are told that the doctrine of transmutation, 
&c. was found on a Theory, which, in the 12th century, was con- 
sidered as plausible as we consider many of ours at the present 
day, viz.\That a perfect metal consisted of quicksilver and sulphur; 

4. To what ^i^thor does Mrs. B. allude in her introductory re- 
marks? i vi' 

5. Into how many periods does B«rgman divide the knowledge of 
nature ? 

6. What is the first? '•' 

7. What is the second ?; . 

8. What is the third ? 

9. What is that branch of chemistrr called Pharmacy ?^^ 
10. What three great objects had the Alt^ynUsts in view 9 
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A^. B. These were/a particular set of misguide<Lphilo8opher8, 
who dignified themselve^^th the name of Alchymistsf to distinguish 
their pursuits from those of the common chemists,) whose studies 
were confined to the knowledge of medicines^ 

But since that period, chemistry has undergone so complete a 
revolution, that, from an obscure and mysterious art, it is now be- 
come a regular and beautiful science, to which art is entirely sub- 
servient. It is true, however, that we are indebted to the Alchy- 
mists for many very useful ^scoveries, which sprun£f from their 
fruitless aittempts to make gold, and which, undouotedly, have pro- 
ved of infinitely greater advantage to mankind than all their chi- 
merical pursuits. 

The modern chemists, instead of directing their ambition to the 
vain attempt jof producing any of the originid substances in nature, 
rather aim ^t analyzing and imitating ner operations^ and have 
sometimes succeeded in forming combmations, or efiectmg decom- 
positions, no instances of which occur in the chemistry of Nature. 
They have little reason to regret their inability to make gold, whilst 
by their innumerable inventions and discoveries, they have so great- 
ly stimulated industry and facilitated labor, as prodigiously to in- 
erease the luxuries as well as the necessaries of life. 

Emily, But 1 do not understand by what means chemistry can 
facilitate labor ; is not that rather the province of the mechanic ? 

Mrs, B, There are many ways by which labor may be render- 
ed more easy, independently of mechanics ; but mechanical in- 
ventions themselves, often derive their utiUty from axhemical prin- 
ciple. Thus that most wonderful of all machines,Uhe Steam En- 
gine, could never have been invented without the assistance of 
chemistry) \ In agriculture, a chemical knowledge of the nature of 
soils, and of Vegetation, is highly useful ) and m those arts which 
relate to the comforts and conveniences or life, it would be endless 
to enumerate the advantages which result from the study of this 
science. 

Caroline. But pray, tell us more precisely in what manner the 
discoveries of chemists have proved beneficial to society ? 

these, when pure and united, formed gold.l That all other metals 
contained a quantity of dross, which prevented the particles of these 
two substances frf)m uniting. If, therefore, this dross could be got 
rid of in the other metals, gold would be the result. Theybelieved 
also, that nature herself lavored this operation. Thus Friar Ro- 
ger Bacon, in his Mirror of Alchymy, says,*" I must tell you that 
nature alwaies intendeth and striueth to the perfection of gold ; but 
many accidents coming between, change the mettalls," &c. See 
his Book printed in 1597, chap. ii. — C. 
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11 . Who were formerly called AlchymisU ?/th^^^'' ^*^ '"^ 

12. Why did they assume this name ? 

13. What is the object of modem chemistry ? 

14. Can chemistry afford any assistance in manual labor ? 
1 15. What are instances of it ? 

■ 16. How is chemistry serviceable in, agriculture ? 

17. What opinUm is said in the note, to have prevmUd in the ISUh 
emiury in rdatian to metals f 
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Mrs, B, That would be an injudicious anticipation; for you 
would not comprehend the nature of such discoveries and niseful ap- 
,plications, as well as you will do hereafter. Without a due regard 
to method, we cannot expect to make any progress in chemistry. 
I wish to direct your observation chiefly to the chemical opera- 
tions of Nature ; but those oT art are certainly of too high impor- 
tance to pass unnoticed. We shall therefore allow them also some 
share of our attention. 

Emily. Well, then, let us now set to work regularly. I am very 
anxious to begin. 

Mrs. B, The object of chemistry is to obtain a knowledge of the 
intimate nature of bodies, and their mutual action on each other. 
You find, therefore, Caroline, that this is no narrow or confined 
science, which comprehends every thing material within our 
sphere. 

Caroline. On the contrary, it must be inexhaustible ; and I am 
at a loss to conceive how any proficiency can be made in a science 
whose obiects are so numerous. 

Mrs. S. If every individual substance were formed of different 

materials, the study of chemistry would, indeed, be endless ; but 

^ou must observe that the various bodies in nature, are composed 

(of certain elementary principles, which are not very numejous.^\ 

^ Caroline. Yes ; I know that all bodies are composed of^fire, air, 

earth, and water ^ I learnt that many years ago. 

Mrs. B. "QxiVyovL must now endeavor to forget it. I have al- 
ready informed you what a great change chemistry has undergone 
since it has become a regular science. Within these thirty years 
especially, it has experienced an entire revolution, and it is now 
proved that neither fire, air, earth, nor water, can be called elemen- 
tary bodies. For an elementary bod^^s one that has never, been 
decomposed, that is to say, separated into other substances y and 
fire, air, earth, and water, are all of them susceptible of decompo- 
sition. 

Emily. I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemeiw 
tary substance is not capable of being decomposed, as well as any 
other. 

Mrs. B. You have misconceived.4;he idea of decomposition ; it is 
veiT different from mere division, i The latter simply reduces a 
body into parts, but the former separates it into, the various ingre- 
dients, or materials, of which it is composed!) ^ we were to uJce 
a loaf of bread and separate the several ingredients of which it is 
made, the flour, the yeast, the salt, and the water, it would be very 
different from cutting or crumbling the loaf into pieces. 

Emily. I understand you now very well. To decompose a body 

18. To what does Mrs. B. say it is necessary to pay regard in tb^ 
study of chemistry ? ( • '■ 

19. Of what are the various bodies in nature composed ? 

20. Of what was it formerly tho^ight they were composed ? 

21. What is an elementary body ? 

22. What is the difference between division and decomposition ' 
83. What are instances of decomposition ? 
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... ^ 

Is to separate from each other the various elementary substanoes 
of which it consists. 

Caroline: But flour, water, and other materials of bread, accord- 
ing to your definition, are not elementary substances. 

Mrs, B. No, my dear ; I mentioned bread rather as a familiar 
comparison to illustrate the idea, than as an example. . 

rJihe elementary substances of which a bpdy is composedjfare 
caled the constituent parts of that body ; in decomposing it, mere- 
fore, we separate its constituent parts. >1j, on the contrary, we di- 
vide a body by chopping jt to pieces, oiwen by grinding or pound- 
ing it to tne finest powder, each of these small particles wul still 
consist of a portion of the several constituent parts of the whole 
body : these are called the integrant part^ do you understand the 
difiference ? 

Emily. Yes, I think perfectly. We decompose a body into its 
constituent parts ; and divide it into integrant i^BTts, 

Mrs, B, Exac$tly so. If, therefore, a booy consists of only one 
kind of substance, though it maybe divided into its integrant parts^ 
it is not possible to decompose it. Such bodies are therefore call- 
ed simple or elementary ^^ they are the elements of which all other 
bodies are composed, ^ompound bodies are such as consist of more 
than one of these elementary principles'S 

Caroline. But do not fibre, air, earthy and water, consist each of 
them, but of one kind of substance ? 

Mrs. B. No, my dear : they are every one of them susceptible 
of being separated into varioua-^imple bodies. ^ Instead of four, 
chemists now reckon no less (^ than fifty-seven/ elementary sub- 
stances. The existence of most of these is -established by the 
clearest experiments; but, in regaid to a few of them, particularly 
the most subtle agents of nature^eo^, light, and electridty^there 
is yet much uncertainty, and I cair^nly give you the opinion which 
seems most probably deduced from the latest discoveries. After I 
have given you a ligj of the elementary bodies, classed according 
to their properties, ^e shall proceed to examine each of them sepa- 
rately, and then cohsider them in their combinations with each 
other^ 

Ei^pt the more general agents of nature, heat, li^ht and elec- 
tricity. It would seem that the simple form of bodies is that of a 
metal.* 

Caroline, You astonish me ! I thought the metals were only one 

m 

* No actual discovery makes this probable. It is supposing that 
all the gases, as oxygen, hydrogen, &c., as well as phosphorus, sul- 
phur, and carbon, and several other substances are in part com- 
posed of a metal, and yet not one among this number are Known to 
have metalUc bases.— hJ. 

24. What are the constituent parts of a body ? 

25. What are integrant parts of a body ? 

26. How maj conipoand bodies be defined? 

27. How many elementary substances are there ? 

2cJ. Concerning which tiiree of them/is there much uncertainty? 
29. How is it prupnsed to examine these elementary ■ubs tanew ? 
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class of minerals, and that there were besides, earths, stones, rocks, 
acids, alkalies, vapors, fluids, and the whole of the animal and 
Tegetable kingdoms. 

Mrs, B, Y ou have made a tolerably good enumeration, though I 
fear not arranged in the most scientific order. All these bocues, 
however, it is now strongly believed, may be ultimately resolved 
into metallic substances.* Your surprise at this circumstance is 
not singular, as the decomposition of some of them, which has been 
but lately accomplished, has excited the wonder of the whole philo- 
sophical world. 

But lo- return to the list of simple bodies — ^these being usually 
found(m combination with oxygenJ I shall class them according to 
their properties when so combined. This will, I think, &cilitate 
their future investigation. 

Emily. Pray what is oxygen ?' 

Mrs, B, A simple body ; at le^a^one that is supposed to be so, 
as it has never been decomposed, /it is always found united^ with 
the negative electricity^ It will begone of the first of the elementa- 
ry bodies, whose properties I shall explain to you, and, as you will 
soon perceive, it is one of the most important in, nature; but it 
would be irrelevant to enter upon this subject at present. We 
must now confine our attention to the enumeration and classifica- 
tion of the simple bodies in general. They may be arranged as 
follows : 

CLASS I. 

Comprehending the imponderable agents, viz: 

\ HEAT OR CALORIC, 
LIOHT, 
ELECTRICITY.) 

CLASS U. 

Comprehending agents capable of uniting toith inJlammabU 
bodies, ahd in most instances of effecting their combtution. 



r- 



■A 



OXTGEir, 
CHLORINE, 
IODINE f I 



f Three of the alkalies only are known to have metallic bases J 
t A majority of the most learned Chemists, it is believed, have 
doubted whether Chlorine and Iodine were supporters of combus- 
tion, any farther than they contain oxygen. — C. 

30. "With what are simple bodies usually found in combination ? 

31. With what are they always found united ? 

32. Which of the elementary substances are included in the first 
class ? 

33 What one does the second class inclade ? 

34. What number of the alkalies are knovm to have metallic bases 9 
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CLASS HI. 



Comprehendir^ bodiea capabh of uniling toith oxygen, and 
forming toith it various compounds. T%is class may be 
divided as follows: 



(hy 



HTDROGKir 



DIYIBlOir 1. 

v) forming water. 

DIVISION* 2. 



iriTROGEir, . 

JBULPHUR, 
PHOSPHORITB, 
CARBON*, 
BORACIUM, . 
riiUORIUM, . 
MURIATITTM. 



ipodies fi 



orming aci^ 

forming nitric add. 
forming sulphuric acid. 
forming phosphoric acid. 
forming carbonic acid. 
forming boracic acid. 
forming fluoric acid. 
forming muriatic acid. 



ite«j 



DIVISION 3. 

fMetalUc bodies forming alkalies] 

poTAWfiiTM, . . . forming potash."^ 

.80Dix7|f, .... Jorming soda. 

AMMONIUM, . . forming ammonia. 

LITHIUM, . . . forming lithina • 



<^ 



CALCIUM, or 

MAGNIUM, 

BARIUM, . 

STRONTIUM, 

8ILICIUM, 

AZ.UMIUM, 

TTTRIUM, 

GLUCIUM, 

ZIRCONIUM, 

THORNIUM, 



DIVISION 4. 

^eiallic bodies forming earths} 

metal forming hme; 

. forming magnesia. 

. forming barytes. 

. forming strontites. 

. forming silex. 

. /onrnn^ alumine. 

• forming jrttria. 

. forming glucina. 

. forming zirconia.t 
. forming thoiina.| 



* This fourth alkali was discovered by Mr. Arfundson. a Swedish 
ehemist, so recently as the 3rear 1818. 

f Of all these earths three or four only have as yet been distinet- 
ly decomposed. 

1[,Thortna, a new earth discovered b^ Berzelius in 1810| m s 
mineral composed of fluoric acid and cenuni. 

35. What one makes the first division of the third class ? 

96. What o nes make the second division of the third class ? 

97. What oneTmake the third divinon of the third class? 
38. What ones make the fimrth.division of the tllixd eltSB ' 
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DIVISION 5. 

Metah, either naturally metallic, or yielding their oxygen to 

carbon or to heat alone. 





SXTBDIVISIOX 1. 




iHfalkable Metah} 




GOLD, 


COPPER, 




PLATIITA, 


IRON, 


^ 


PALLADIXTM, 


LEAD, 


• 


SILVER,* 


NICKEL, 




MERCTTRTyt 


ZINC, 




TIIT, 


CADMIUM.^ 




SITBDIV. 2. 




S^riiile 


MetalsJ 




▲RSEiriC, 


ANTIMONY, 




BISMUTH, 


MANGANESE, 




STSLENIUM,^ 


URANIUM, 




TELLURIUM, 


COLUMBIUM or TANTALUMi 




COBALT, 


IRIDIUM, 




TUNGSTEX, 


OSMIUM, 




MOLYBDENUM, 


RHODIUM, 




TITANIUM, 


CERIUM. II 




CHROME, 


. 



* These nrst four metals have commonjy been distinguished by 
the appellation of perfect or noble metals, ron account of their pos- 
sessing the characteristic properties of ^RCCilit^, malleabiliiy, in- 
alterabUity, and ^at specific gravity, in an emment degreeX 

f Mercury, in its liqmd state, cannot, of course, be cSled/a mal- 
leable metal. But when firozen, it possesses a considerabliedegree 
of malleability. 

X A metal resembling tin ; which was discovered in 1819, in an 
ore of zinc, by Mr. Stromeyer. 

^ Selenium was discovered a few years ago by Berzelius, in the 
ferruginous pyrites of Fahlun, Of Sweden. It has the metallic lus- 
tre, but it does not conduct electricity, and is but a bad conductor 
of caloricT It passes to the state of oxide and acid, so that it might 
perhaps more strictly be classed with sulphur. It may be distin- 
guished by the smell of its vapor, which is that of horse radish. 

11 These four or five metallic bodies are placed under this class for 
the sake of arrangement, though some of their properties have not 
been yet fully investigated. 

39. What ones make the first part of the fifth division in the third 
class? 

40. What ones make the second part of the fifth division in the sec- 
ond class? 

41. Why have gM, fitOma, paUadiumf and rnlver hem cdlUd perfmi 
ernoUenutaUf 
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Caroline, OK, what a formidable Hst! you will have much to do 
to explain it, Mrs. B. ; for I assure you it is perfectly unintelligible 
to me, and I think rather pierplexes than assists me. 

Mrs, B. Do not let that alarm you, my dear, I hope that hereaf- 
ter this classification will appear quite clear, and, so far from per- 
plexing you, will assist you in arranging your ideas. It would be 
m vain to attempt forming a division that would -appear perfectly 
clear to a beginner ; for you may easily conceive tha/a chemical 
division being necessarily founded on properties with which you are 
almost wholly unacquainted) it is impossible that you should at once 
be able to understand its nieaning or appreciate its utility. 

But, before we proceed further, it will be necessary to give you 
some idea of chemical attraction, a power on which the whole sci- 
em»e depends. 

C Chemical Attraction, or the Attraction of Composition, consists in 
thV peculiar tendency which bodies of a different nature have to 
unite with each other. It is by this force that all the compositions, 
-and decompositions are effected.^ 

Emily, What is the difference between chemical attraction, and 
the attraction of cohesion or of aggregation, which you often men- 
tioned to US in former conversations ? 

Mrs. ^.Q^he attraction of cohesion exists only between particles 
of the safme nature, whether simple or compound ; thus it unites the 
particles of a piece of metal which is a simple substance, and like- 
wise the particles of a loaf of bread which is a compound. The at- 
traction of composition on the contrary, unites and maintains, in a 
state of combination, particles of a, dissimilar nature *) it is this pow- 
er that forms each of the compound particles of which bread con- 
sists ; andm is by the attractiouvof cohesion that all these particles 
are connected into a single mass} 

Emily, The attraction of cohesion » then, is the power which unites 
the integrant particles of a body ; the attraction of composition that 
which combines the constituent particles. Is it not so ? 

Mrs, B. Precisely ; arid observe that the attraction of cohesion 
unites particles of a similar nature, without changing their original 
properties ; the result of such an union, therefore, is a body of the 
same kind as the particles of which it is formed ; whilst the attrac- 
tion of composition, by combining particles of a dissimilar nature, 
produces compound bodies, quite different from any of their eonstit- 
•lents. If, for instance, I pour on the piece of copper, contained in 
this glass, some of this liquid (which is called nitric acid,) for which 
it has a strong attraction, fevery particle of the copper will combine 
mth a particle of acid, an^ together they will form a new body, to- 
tally different from either the copper or the acid. ^ 

42. Why do the divisions in chemical science appear unmeaning to 
t^ie younff student ? . 

43. What is chemical attraction or the attraction of composition ? 

44. What is the difference between chemical attraction and the at^ 
traction of cohesion ^ 

45. What is the experiment mentioned as illustrating chemical at^ 
t?tction ? 

' 46. What ¥7iU be the result if copper and nitric add aie put to- 
gether. 

3 
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Do you observe the internal commotion that already begins to 
take place ? It is produced by the combination of these two sub- 
stances,* and yet the acid has, in this case, t^overcome not only the 
resistance which the strong cohesion of the pSirticles of copper op- 
poses to their combination with it, but also to overcome the weight 
of the copper, which makes it sink to the bottom of the glassj and 
prevents the acid from having such free access to it as it woidd it 
the metal were suspended in the liquid. 

Emily. The acid seems, however, to overcome both these obsta- 
cles without difficulty, and appears to be very rapidly dissolving the 
copper. 

Mrs. B, By this means it reduces the copper into more minute 
parts than could popibly be done by any mechanical power. But 
as the acid can aclv only on the surface of the meta)^ it will be some 
time before the unibn of these two bodies will be completed. 

You may, however, already see how totally different this com- 
pound is from either of its ingredients. It is neither colorless, like 
the acid, nor hard, heavy, and yeUow like the copper. If you tasted 
it, you would no longer perceive the sourness of the acid. It has at 
present the appearance of a blue liquid ; but when the union is com- 
pleted, and the water with which the acid is diluted, is evaporated, 
the compound will assume the form of regular crystals of a fine 
blue color, and perfectly transparent})!- Of these I can show you a 
specimen, as I have prepared some tor that purpose. 

Caroline, How beautiful they are in color, form, and transpa- 
rencv ! 

Emily. Nothing can be more striking than this example of chem- 
ical attraction. 

Mrs. B. The term attraction has-been lately introduced into 
chemistry as a substitute for. the word i^inityj to which some chem- 
ists have objected becausefit originated in the vague notion that 
chemical combinations dep^ded upon a certain resemblance, or 
relationship, between particles that are disposed to unite ; and this 

* This hardly explains the process. A part of the oxygen of the 
nitric acid unite* with the copper ; and in consequence of this loss 
of oxygen, the nitric acid is converted into nitrous gas. It is the 
escape of this ^as through the water as it is formed that occasions 
the commotion .-♦—C. 

* 

t These crystals are more easily obtained from a mixture of sul- 
phuric with a little nitric acid .J 

J These crystals are siUpluzt of copper, or what is commonly 
known under the name of blue vitriol. — C. 

47. What has the acid in this experiment to overcome ? 

48. On what part of a metal can the acid operate in this ezperi- 
ment ? 

49. What is tlie appearance of the compound substance thus formed 
of copper and nitric acid ? 

50. in the place of what term has chemical attraction been substi- 
tuted ? 

51. What is said in the note to produce the commotion when copper and 
nitric acid are put together t 

52. What was the objectioii to the term affinity } 
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idea is not only imperfect but erroneousj as it is generally particles 
of the most dissimilar nature, that ha^ the greatest tendency to 
combine. 

Caroline, Besides there seems to be no advantage in using a ya* 
riety of terms to express the same meaning ; on the contrary, it 
creates confusion ; and as we are well acquainted with the term 
Attraction in natural philosophy, we had better adopt it in chemis- 
try likewise. 

Mrs, B. If you have a clear idea of the meaning, I shall leave 

Jou at liberty to express it in the terms you prefer. For myself, 
confess that I think the word Attraction best suited to the* gen- 
eral law that unites the integral particles of bodies ; ^nd Affinity 
better adapted to that which combines the constituentparticles, as 
it may convey an idea of the preference which some bodies have 
for others, which the term attraction of composition does not so well 
express. \ 

JBmUy. ♦So I think ; for though that preference may not result 
from any relationship, or similitude, between the particles (as you 
say was once supposed,) yet as it really exists, it ought to be ex- 
pressed. 

Mrs, B, Well, let it l)e agreed that you may use the terms affini^ 
ty, chemical attraction, and attraction of composition, indifferently, 
provided you recollect that they have all the same meaning. 

Emily. I do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- 
posing them is very obvious ; but that it should at the same time, 
produce exactly the contrary effect, appears to me very singular. 

Mrs, B, To decompose a body is, you know, to separate its con- 
stituent parts, which, as we have just observed, cannot be done by 
mechanical means. 

Emily. No ; because mechanical means separate only the inya- 
grant particles ; they act merely against the attraction of cohesion^ 
aad only divide a compound into smaller parts. 

Mrs, jB/The decomposition of a body is performed, by chemical 
powers^^Jf you present to a body composed of two principles, a 
third, which has a greater affinity for one of them than the two first 
have for each other, it will be decomposed, that is, its two principles 
will be separated by means of the third body^/Let us call two in- 
gredients, of which the body is composed, A ana*B. K we present 
to it another ingredient 0, which has a greater affinity for B than 
that which unites A and B, it necessarily follows that B will quit A 
to combine with C. The new ingredient, therefore, has effected a 
decomposition of the original body A B ; A^ has been left alone, and 
a new compound B, C, has been formed. Jf 

Emily. We might, I think, use tlie cdrnparison of two friends, 
who were very happy in each other's society, till a third disunited 
them by ths preference which one of them gave to the new comer. 

53. Why does Mrs. H. prefer the tprin affinity ? 
.54. By what means can decomposition be effected ? 
55. How can a compound body be dpcomposed .' 
5(). Whit illastraiiou i.n ^iveu of the inann'er of decomposing a 
body ? 
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Mrs, B. Yery well. I shall now show you how this takes place 
in chemistry. 

Let us suppose that we wish to decompose the compound we have 
just formed oy the combination of the two in^edients, copper and 
nitric acid ; we may do this (by presenting to it a piece of iron/ for 
which/the acid has a stronger attraction than for coppe/; thef acid 
will, bonsequently, quit the copper to combine with the iron, and 
the copper will be what the chemists call precipitated^ that is to say, 
it will 00 thrown down in its separate state, and re-appear in its 
simple formf'' * 

In order to produce this effect, I shall dip the blade of this knife 
into the fluid, and when I take it out, you will observe that instead 
of being wetted with a bluish liquid, like that contained in the glass, 
it will be covered with a thin coat of copper. 

Caroline, So it is really ! but then is it not the copper instead of 
the acid, that has combined with the iron blade ? / 

Mrs, B. No ; you are deceived by appearances ; Jit is the acid 
which combines with the iron, and in so doii^, deposites or precipi- 
tates the copper on the surface of the blade .( 

Emily, But cannot three or more substances combine together, 
without ^n^^ them being precipitated ? 

Mrs. B,\r\\3X is sometimes the case r but in general, the strong- 
er affinity destroys the weaker ; and it seldom happens that the at- 
traction of several substances for each other is so equally balanced 
as to produce such complicated compounds.* ^ 

Caroline. But pray, Mrs. B. what is th«^ause of the chemical 
attraction of bodies ror each other ? It appears to me more extraor- 
dinary or unnatural, if I may use the expression, than the attrac- 
tion of coh|esion, which unites particles of a similar nature. 

Mrs, B, Chemical attraction may, like that of cohesion or grav- 
ita;tion, be one of the powers inherent in matter, which, in our 
present state of knowledge, admits of no other satisfactory expla- 
nation than an immediate reference to a divine cause. Sir H. Da- 
vy, however, whose important discoveries have opened such im- 
proved views in chemistry, has suggested an hypothesis which may 

* Such compounds are quite numerous. They are called kriple 
salts. ! Alum is one. It v^ composed of aluniine, potash and smphu- 
ric acid. Tartar Emeticj is another. It is composed of tartaric 
acid, potash and antimony. — C. 

57. How can the substance formed of copper and nitric acid be de- 
composed ? 

58. Why will decomposition take place on the application of iron ? 

59. What is precipitation .' 

60. If it is the acid which combines with the iron, why is the iron 
covered with a thin coat of copper in this eiperiroent ? 

61. Do more than two simple substances ever unite in forming tlie 
same compound ? . 

63. What art such compounds calUd f 

63. What are instances of them f 

64. What is one of the powers in addition . to those mentioned hf 
philosophers which may be considered as inherent in bodies ' 
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throw great light upon that science. He supposes that there are 
two kinds of electricity, with one or other of which all bodies are 
united. These we distinguish by the names of /positive and negch- 
live electricity ;\ those bo£es are disposed to combine, which pos- 
sess opposite electricities, as they are broughi together by the at- 
traction which these electricities have for each other. But, whether 
this hypothesis be altogether founded on truth or not, it is impossi- 
ble to question the great influence or electricity in chemical com- 
binations. / / 

Emily. So, that we may suppose that the two electricities, al- 
ways attract each other, and thus compel the bodies in which they 
exist to combine ? * 

Caroline, And may not this also be the cause of the attraction of 
cohesion ? 

Mrs. B. No, for in particles of the same nature, the same elec- 
tricities must prevail, and it is only the different or opposite elec- 
tric fluids that attract each other. 

Caroline. These electricities seem to Tne to be a kind of chemi- 
cal spirit which animates the particles of bodies, and draws them 
together. 

Ermly. If* it is^known, then, with which of the electricities bod- 
ies are united, it can be inferred which will, and which will not 
combine together? 

Mrs. B. Certainly. — I should not omit to mention, that some 
doubts have been entertained^ whether electricity be really a ma- 
terial a^ent, or whether it might not be a power inherent in bod- 
ies, shnilar to, or perhaps identical with attraction^ 

Jf* There seems to be an objection to this theory as explained here. 
['When two bodies, one in the positive, the other in the negative state 
of electricity, are presented to each other, a mutual attraction takes 
place, until they touch, or come within the striking distance, so 
that the electric fluid can pass from the positive to the negative 
body. When this is effected, they are said to be in a state of equi- 
librium, or in the same state of electricity, and consequently nei- 
ther attract nor repel each other, i If, therefore, chemical attrac- 
tion depends on the different elecirical states of the particles, we 
are still at ^ loss- howtyto account for their adhesion even after they 
are unitedj The celebrated Kepler accounted for the aflinity of 
particles 'by supposing each to have its likings and its antipathies, 
and the power of choosing accordingly J This theory only wants 
our belief to make it satisractory. — C. ' 

65. How many kinds of electricity are there, and what are tney 
called ? 

66. What does Mrs. B. think has a great influence in effecting 
chemical combinations? 

67. What is said of dectridtv in the note T 

68. What difficulty arises if we suppose chemical attraction to de- 
pend upon the different states of the particles? 

69. How does Kepler account for the affinity of particles ? 

70. What doubts does Mrs. B. mention as having been entertained 
conceruing electricity ' 



96 LI6HT. 

Emily, But what, then, would be the electric spark which is riB- 

ible, and must, therefore, be really material ? 
I Mrs, B, What we call the electric spark, may, Sir H. Davy says 
I be merely the heat and light, or fire produced by the chemica. 
' combinationvwith which these phenomena are always connected. 

We will not} however, enter more fulhr on this important subject 

at present, but reserve the principal facts which relate to it to a 

future conversation. 

Before we part, however, I must recommend you to fix in youi 

memory the names of the simple bodies against our next interview. 



CONVERSATION II. 

ON LIGHT AND HEAT, OR CALORIC, 

Caroline. We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to enter 
on the examination of each of them successively. You will begin, 
I suppose, with light ? 

Mrs, B, Respecting the nature of light we have little more than 
conjectures. It is considered by most philosophers /as a real sub- 
stance immediately emanating from the sun, and fromtJl luminous 
bodies, from which it is projected in riffht lines with prodigious ve- 
locity. • Light, however, being imponderable, it cannot be confined 
and examined by itself: and therefore it is to the eflfects it produ- 
ces on other bodies, rather than to its immediate nature, that we 
must direct our attention. 

The connexion between light and heat is very obvious ; indeed, 
it is such, that it is extremely difficult to examine the one inde- 
pendently of the other. . / 

Emily, But is it possible to separate light frouJhedk} I thought 
thev were only different degrees of the same thin?, fire. 

Mrs, Ji, I told you that fire was not now considered as a simple 
element. Whether light and heat be altogether dififerent agents, or 
not, I cannot pretenato decide: but, in many cases,>hght may be 
separated from heat. The first discovery of this was made by a 
celebrated Swedish chemist, Scheele.' Another very striking illus- 
tration of the separation of heat and light was long after pointed 
out by Dr. Herscnell. This philosopher discovered that these two 
agents were emitted in the rays of the sun, and the heat was less 

71. If electricity is a power inherent in bodies, what would the 
electric spark be which is visible, .and therefore must be really mate- 
rial? 

72. What do most philosophers consider light ? 

73. With what is light obviously connected ? 

74. Can liffht and heat be separated ? 

75. Who mst discovered that they are not inseparably connected ' 
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vefrangiUe than ligi^t ; for, in separatmg the different colored raji 
of ligh^'^iy a prism! (as we did some time affo,) he found thaUoa 
greatefilt neat was beyond the spectrum, at a little dyitance ficom the 
red rays^which, you may recollect, are the least re&angible. j 

JEnuh^, I should like to try the experiment. j 

Mrs. B. It is by no means an easy one ; the heat of a ray of )ight 
refracted by a prism, is ao small, that it requires a very delicate ther- 
niometer to distinguish the difference of Uie degree of heat within 
and without the spectrum. For in this experiment, the heat is not 
totally separated from the light, each colored ray retaining a cer- 
tain portion of it, though the greatest part is not sufficiently refirao- 
ted to fall within the spectrum. 

EmUy, I suppose, then, ^at those colored rays which are the 
least refrangible retain the greatest quantity of heat? 

Mrs. B. They do so. 

Emily. Thoiigh I no longer doubt that light and heat can be 
separated, Dr. HerschelPs experiment does not appear to me to af- 
ford sufficient proof that they are essentially different ; for light which 
you call a simple body, may likewise l>e divided into the various 
colored rays. 

Mrs. B. No doubt there must be some difierence in the various 
colored rays. Even their chemical powers are^ different. The 
blue. rajTs for instance, have the greatest effect 4d separating oxy- 
genjprom bodies, as was found by Scheele; andthere exists also, 
as Dr. Wollaston has shown, rays more re&anffible than the blue, 
which produce the same chemical effect, and, what is very remark- 
able, are invisible.* 

Emily. Do you think it possible that heat may be merely a mod- 
ification of light ? 

Mrs. B. liiat is a supposition which, in the present state of nat- 
ural phiiosophj, can neither be positively affirmed nor denied. Let 
us, therefore, mstead of discussing the oretical points, be contented 
with examining what is known respecting the chemical effects of 

Li^ht/uMcapable of entering into a kind of transitory nmon with 
sertam f^bstances, and this is what has been called phospho- 
rescence! Bodies that are possessed of this property, aKer being 
exposed to the sun's rays, appear luminous in tne dark. The {shells 
of fob, the bpnes of land ammals, marble, limestone, and a Variety 
of combinations of earths, are more or less powerfully phosphores- 
cent, t 

? • The violet rays havehhe power of imparting the magnetic vir- 

76. How can they be separated? 

77. Which of the colored rays refracted by a prism, retain tbe 
greatest quantity of heat? ^/H* 

78. What effect have the blue rajfs on bodies?, :.' ^: 

79. WkatfHnDerhaveth6tnoletra^asfnentunu4mmnot9^ t 

80. In what does the process consist f 

81. Is light capabIe«of a union with other substances? 

8SL What is this union called? , , , . a 

* 83. With what substances does this union mostly take plaoe, in tbe 
prodnetioD of phosphorescence ? 
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Caroline. I remember being much surprised last smmner with 
the phosphorescent appearance of some pieces of rotten wood, which 
had just been dug out of the ground ; tney shone so bright that I 
at first supposed uiem to be gfow^worms. ^ 

Emily. And is not the light ora glow-worm\of a phosphorescent 

nature ? ! ^ 

Mrs. 5. It is a very remarkable instance of phosphorescence in 
Uving animals ; this property^ however, is not exclusivelyi possessed 
by the glow-worm. The insect called the llanthorn-flyj which is 

Seculiar to warm climates, emits light as it (flies, producing in the 
ark a remarkably sparklmg appearance. But it is more common 
to see animal matter in a dead state possessed of a phosphorescent 
quality ; sea-fish is often eminently so.* 

Emily. I am rather surprised, Mrs. B.', that you should have said 
so much of the light emitted by phosphorescent bodies, without tak- 
ing any notice of that which is produced by burning bodies. 

Mrs. B. The light emitted by the latter ia so intimately connect- 
ed with the chemical history of combustion, that I must defer all 
explanation of it till we come to the examination of that process, 
which is one of the most interesting in chemical science. 

Emily. I have heard that the sea has sometimes had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating on its surface. 

Mrs. B. This light is probably owing to that or some other ani- 
mal matter. Sea water has been observed to become luminous 
from the substance of a fresh herring having been immersed in it ; 
and certain insects of the Medusa kind, are known to produce simi- 
lar eff*ects. - J 

But the strongest phosphorescence is produced by chemical com- 
positions prepared fdr the purpose, the most common of which con- 
sists of oyster-shells and sulphur, and is known by the name of Can- 
ton's Phosphorus.f 

tue to steelj^J The process consists }in intercepting all the rays ex- 
cept this, and of throwing this, being first collect^ into a focus by 
a lens^n the middle of a needle, and carrying it towards the extrem- 
ity. This is to be done many times, and always towards the same 
extremity. After a while the needle acquires polarity. — C. 

♦The phosphorescence of dead animals iis owmg to the escape of 
phosphorus in the form of vJwsphoretted hydrogen] T^is is set free 
^om its combination.with tne substance of the animal(by the putre- 
lactive fermentation. "j — C. ' 

fTo prepare this,niiix three parts of oyster-shells calcined for an 
hour and pulverized trith one part of sulphur. This is to be rammed 
into 2i, crucible, which is to be kept at a red heat for one hour. On 

84. What remarkable instances of phosphorescence in living animals 
are mentioned ? 

85. To what is the phosphorescence of dead ammals otoingf 

86. How is it freed from its combination with the substance of th§ 
animal f 

87. What is the strongest phosphorescence, or how is it product f 

88. How it this sybstmux preparedf 
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light is an agent capable of producing various chemical changes. 
It is essential to the welfare both of the animal and vegetable kmg- 
doms ( for men and plants grow pale and sickly if deprived of. its 
saluta^ influcLDce. It is likewise remarkable for its property of jde- 
stroying colorl which renders it of great consequence m the pro- 
cess of bleaching. 

Emily, Is it not singijdar that light, which in studying optics we 
were taught to consider as the source and origin of colors, should 
have also the power of destroying them ? 

Caroline, It is a fact, however, which we every day experience ; 
you know it fades the colors of linens and silks. 

Emihf, Certainly. And I recollect that endive is made to grow 
white instead of green, by being covered up so as to exclude the 
light. But by what means does light produce these efi^ts ? 

Mrs, B. This I cannot attempt to explain to you until yon have 
obtained a further knowledge of chemistry. As the chemical pro- 
perties of hght can be accounted for only in their reference to com- 
pound bodies, it would be useless to detain yon any longer on this 
subject ; we may, therefore, pass on to the examination of heat, or 
-caloric, with which we are somewhat better acquainted. 

Heat and Light may be always distinguished /by the different 
sensations they produce.*! Light ajSects the sense 6f sight ; Ckdorio 
that of feeling ; the one produces Vision, the other the sensation of 
Heat, 

Caloric is found to exist in a variety of forms or. modifications, 
and I think it will be best to consider it under the two follovring 
headsT, yiz : 

1./Fre£ or radiant caloric. 

2.- CoMBIITED CALORIC. / 

The first, free or radia.nt caloric, is also called rsat or 
TEMPERATURE ;jUt compiehends aU heat whieh is perceptible to 
the senses, and airects the thermometer^ 

Emiiy, You mean such as the heat of^the sun, of fire, of candles, 
of stoves ; in short, of every thing that bums ? 

Mrs.^B. And likewise of things that do not bum, as, for instance, 
the warmth of the body ; in a word, all heat that is sensible, yfha.\r 
ever may be its degree, or the source &om which it is derived. 

Caroline, What, then, are the other modifications of calorie? It 

exposing some of this to the sun's jrays, it absorbs light, and will 
shme in the dark. This shows ^hat light can be separated from 
heat.V-C. 

% 

^ I ■■■■ 11 ■-■^^[.■» ■■■■■ ■^■■. IIB. »■■■■■ !■ ■■ — ^■^,^1^^— ^^— ■— ^— — ^^M^—i— ^i^^— —i» 

89. What does this experiment prove t 

90. To what is li^ht essential, and what remarkable property has it? 

91. What do optics teach as to consider the source and origin of 
colon ? 

92. How may light and heat always be distingnished? 

93. Under what two heads is caloric consideiid ? 
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must be a strange kind of heat that cannot be perceived by our 
senses. 

Mrs, B. None of the modifications ^caloric should properly be 
called heat ; for heat, sthctlj^speaking, isUhe sensation produced by 
caloric, on animated bodies ^ this word, iherefore, in the accurate 
language of science, should be confined to express the sensation. 
But custom has adapted it likewise to inanimate matter, and we 
say, the heat of cm. oven, the heat of the sun, without any reference to 
the sensation which they are capable of exciting. 

It was in order to avoid the confusion, which arose from thus con- 
founding the cause and effect, that modem chemists adopted the 
new word paloric, to denote the principle which produces heat; yet 
they io ndt s^ways, in compliance with their own language,/ limit 
the word hsm to the expression of the sensation) since uiey still fre- 
quently empl^ it in reference to the other modifications of caloric 
which are quite independent of sensation.* ' 

Caroline. But you have not yet explained to us what these other 
modifications of caloric are. 

Mrs. B. Because you are not acquainted with the properties of 
free caloric, and you know that we have agreed to proceed with 
regularity. . . /. 

One of the most .remarkable properties of free caloric is its power 
of dilating bodies.!^ This fluid is so extremely subtle, ihit it enters 
and pervades all bodies whatever, forces itself between their parti- 
cles, and not only separates them, but frequently drives them asun- 
der to a considerable distance from each other. It is thus that ca- 
^ loric dilates or expands a body so as to make it occupy a greater 
space than it did before. 

Emily. The effect it has on bodies, therefore, is directly contrary 
to that of the attraction of cohesion ; the one draws the particles to- 
gether, the other drives them asunder. 

. Mrs. B. Precisely. There is a continual struggle between the 
kttiuction of aggregation, and the expansive j^pwer of c«lorici 
mnqfrom the action of these two opposite forcesjresult all the v»- 
Jious forms of matter, or degrees of consistence, poxn. the solid to 
the liquid and aeriform state. And, accordingly, we find that most 
bodies are capable of pasong from one of these forms to the other 

^ii I touch a body at a higher temperature than my hand, I im- 
meoiately receive a quantity of caloric from it, and at the same in- 
stant feel the sensation called heat. The caloric, then, is the cause 
of this sensation, and heat the effect of caloric passing into* mv 
hand.— C. 

94. What is free or radiant caloric ? 

95. What is heat, strictly speaking ? 

96. What is the difference between caloric and heat, as the terms 
are used by chemists .' 

97. What iUustratian of this is given in the note f 

98. What is one of the most remarkable properties of free caloric ? 

99. What two forces are in direct opposition to each other ? 

100. From what result all the various forms of matter, or degrees of 
consistence in bodies .' 
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Bieielv| m consequence of their receiving dd^ient quantilieft of 
calorici 

Ckin>Une. J*hat is very curious ; but I think I understand the 
reason of it. uf a great quantity of caloric is added to a solid body, 
it introduces itself between the particles in such a manner, as to 
overcome, in a considerable degree, the attraction of cohesion ; 
and the body, from a solid, is then converted into a fluid.l 

Mrs. B. This is the case whenever a body is fused or melted ; but 
if you add caloric to a liquid, can you tell me what is the conse^ 
quence ? 

Clezro/tne. The caloric forces itself in greater abundance between 
the particles of the fluid, and drives them to such a distance from 
each other, that their attraction of aggregation is wholly destroyed ; 
/the liquid is then transformed into vapor^ 

Mrs, B. Very well ; and this is precisely the case with boiling 
water, when it is converted into steam or vapor, and vntk all bodies 
that assume an aeriform state. 

Emily. Ldo not well understand the word aeriform. 

Mrs. B. (Any elastic fluid whatever ; whether it be merely va- 
pour or permanent air J is called aeriform. 

But each of these various states, solid, liquid, and aeriform, ad- 
jnit of different degrees of density, or consistence, still arising 
(chiefly |at least) /from the different quantities of caloric the bodies 
cofit^/ Solids are of various degrees of density, from that of gold, 
to that of a thin jelly. Liquids, from the consistence of melted 
^lue, or melted metals, to that of /ether ,\ which is the lightest of all 
Uquids. The different elastic fluids (with which you are not yet 
acquainted) are susceptible of no less variety in their degrees of 
tiensity. 

Etmly. But does not every individual body also admit of different 
<4iegrees of consistence without chanj^g its state ? 

Afr5. B. Undoubtedly ; and this I can immediately show you by 
« very simple experiment. This piece of iron now exactly fits the 
^rame, or nng, made to receive it ; but if heated red hot, it will no 
longer do so, for its dimensions \vill be so much increased by the 
«xuoric that has penetrated into it, that it will be much too large for 
'9hR frame. 

The iron is now red hot : by applying it to the frame, we shall 
9ee how much it is dilated. 

Enufy. Considerably so indeed ! I knew that heat had this 
^ififect on bodies, but did not imagine that it could be made so con- 
spicuous. 

101. What causes bodies to pass from one of these forms to the other ' 

102. How would you explain the manner in which a solid is con- 
'Verted into a liquid ? 

103. If we add caloric to a liquid, what is the consequence ? 

104. What is meant by the word aeriform ? 

106. From what do the different degrees of density or consistence 
•vise? 

106. Which is the lightest of all liquids ? 

107. Are the elastic fluids susceptible of various degrees of density ? 

108. Do bodies admit of different degrees of consistBiioe leitboiit 
thinging their state ? 
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Mrs. B. By means of this instrument (called a Pyrometer)f We 
may estimate, m the most exact manner, the various dilatations'of 
any solid body by heat| The body we are now going to submit to 
tzial is this small iron bar ; /l fix it to this apparatus, and thei^ 
Fig. 1. Pyrometer, 




^ gQ \ 




A A, Bar of metal. 123, Lamps burning. B B, Wheel work. C, Index. 

heat it by lighting the three lamps beneath it ; when the bar ex* 
pands, it increases in length as well as thickness; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
and immoyeable, no sooner does it begin to dilate, than it presses 
against the wheel work, and sets in motion the index, which points 
out the degrees of dilatation on the dial plate \ 

Emily, This is, indeed, a very curious insthiment ; but I do not 
understand the use of the wheels ; would it not be more simple, 
and answer the purpose equally well, if the bar in dilating, pressed 
against the index, and put it in motion without the intervention of 
the wheels ? I 

Mrs, B. The use of the wheels is merelyito multiply the motion, 
and therefore render the effect of the Caloric more obvious/; for if 
the index moved no more than the bar increased in length/ its mo- 
tion would scarcely be perceptible ; but by means of the wheels, it 
moves in a much greater proportion, which therefore renders the 
variations far more conspicuous. 

By submitting different bodies to the test of the pyrometer, it is 
found that they are far from dilating in the same proportion.! Dii^ 
ferent metals expand in different degrees, and other kinds o^ solid 
bodies vary still more in this respect. But this different suscep- 
tibility of dilatation is still more remarkable in fluids than in sohd 
bodies as I shall show you. I have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, the one with 

109. What experiment proves that they do ? 

110. What is the use of the Pyrometer? 

111. How would you explain figure 1 ? 

112. What is the use of wheels in this instrument? 

113. Does caloric expand all bodies in the same degree ? 

114. Which are most suaeeptible of dilatation, fluids i>r solidi' 



■ypirii of wine, the other with water. I haTe colored both liqmda, 
m order Ihat the effect may be more conspicuouB. The spirit of 
wbe, you see, dilates hy the warmth of my hand as I hold the bolb • 
Emil^, Itcenainlydoes, fcrlseeitiarisingmtothe tube. But 
water, it seems, is not so easily affected by heat ; fcr scarcely any 
chaage is produced on it by the warmth of the hand. 

v;_ o JW'"*- S. True ; we shall now pluniM 

"«■ ^- Ihe bulbs into hot water, and you mUaSe 

boili liquids riao in the tube ; but the apii- 
it of wiiie will ascend highest. 

CaroHne. How rapidly it expands ! 
Now it has nearly reached the tube, 
ihoiiE:h the water has hardly begun to 



Emil,; 



TheM 




. begins to dilate. 

Are niit theSe glass tubes, with liquids 
rising ivitbin them, very like thermome- 

Mrs. B. A thermometer ia construclod 
exactly on the same principle, and these 
.tubes require only a scale to answer the 

Eurpose of thermometers ; but they would 
a rather awkward in their dimensions. — 
The tubes and bulbs of thermometers, 
Ihough of various sjies, are in general 
much smaller than these ; the tube too, is 
hermetically t closed, and the air excluded 
fhuii it. The fluid most generally used in 
JJ^" thermometers, (is meroujy, commonly call- 
nuuned. cd quicksihei', the dilatations and con- 

tractions of which correspond more exact- 
ly to the additions and suhtractioos of ca- 
Joric, than those of any other fluid. 

Caroline. "Viet I have often seen colored spirit of wine used in 
Ihermomelera. 

Mrt. B. The expansions and contractions of that liquid are not 
^uile so uniformjas those of mercury ; but 'in cases in which it is 

* In the absence of the glass tubes terminated by bulbs, procure a 
X>air of tin canisters, three inches high and two wide, soldered up 
all round. In the middle of the top of each, have inserted a circu- 
lar tin spout, and into these cement glass tubes about twelve inches 
luRh. These will answer every purpose. — C. 

fThe lube is closed by holding the end over a spirit lamp until 
the glass is melted. This word is derived from Hermes, the Greek 
» aune for mercury. He is said to have been the inventor of chem- 
istry ; hcnca this is sometimes called the Hermetic art, and hennet- 
ically, or chemically closed, is closed by heat or melting.— C, 
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not requisite to ascertain the temperature with great predsiott 
spirit of wine will answer the purpose equally well, and indeed in 
some respects better, as the expansion of the latter is ^ater, and 
therefore more conspicuous. This fluid is used likewise m situations 
and experiments in which mercury would be frozen ; for mercury 
becomes a solid body, like a piece of lead or any other metal, at 
a certain degree of cold ; but no degree of cold has ever been 
known to freeze spirit of wine.* 

A thermometer, therefore, consists of a tube with a bulb, such as 
you see here, containinff a fluid whose degrees of dilatation and 
contraction are indicatea by a scale to which the tube is fixed .-j- 
The degree which indicates the boiling point simply means that 
when the fluid is sufficiently dilated to rise to this point, the heat is 
such that water exposed to the same temperature will boil. When 
on the other hand, the fluid is so much condensed as to sink to the 
freezing point, we know that water will freeze at that temperature. 
The extreme points of the scales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
different countries philosophers have chosen to adopt different abales 
and divisions. The two tnermometers most used are those of Fah- 
renheit, and Reaumur i the first is generally preferred by the Eng- 
lish, the latter by the French. 

Emily. The variety of scale must be very inconvenient, and I 
should think liable to occasion confusion when French and Eng- 
lish experiments are compared. 

Mrs. J?. The inconvenience is but very trifling, because the dif- 
ferent gradations of the scales do not aflTect the principle upon 
which thermometers are constructed. When we know, for in- 
stance, thatTahrenheit's scale is'divided into 212 degrees, ii» which 
32° corresponds with the freezing point, and 212° with the point of 
boilingf water ; and that Reaumur's is divided only mto 80 degrees, 
in wmch 0° denotes the freezing point] an(j\80°/that of boiling 
wateil it is easy to compare the two scales fogetner, and reduce 
the oiie into the other. But, for greater convenience, thermome- 
ters are sometimes constructed with both these scales ; one on 
either side of the tube ; so that the correspondence of the different 
degrees of the two scales is thus instantly seen Here is one of 
these scales, (Fig. 3, see next page,) by which you can at once per- 
ceive that each degree of Reaumur's corresponds to 2 1-4 of Fah- 
renheit's division. But I believe the French have, of late, given 
the preference to what they call the centigrade scale, in which the 
space between the freezing and the boiling point is divided into 100 
degrees. 

* Spirit of wine is stated to have been frozen in England by some 
process which the author has preferred to keep secret. — C. 

When is spirit of wine used ? 

118. How would you describe a thermometer ? 

119. What two thermometers are mostly used f 

120. How are they grraduated ? 

121. What is the temperature of boiling water ? 

122. To what scale haVe the French been said to have prefereno* * 
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CarpHitf- That seema to me 
the most reasonable diiiaion, 
and I cannot guess whjthefreez- 
ijig point is called 33°, or what 
advantage ia derived from il. 
Mrs. B. There really is no 
Boi!mgBJha.aiage in it; andlit originat- 
poi7U ed ill a mistaiken opibion of the 
instruinent-iaaker, Fahrenheit, 
who first constructed these ther- 
moEiieters, He mixed snow Suid 
ailt together, and produced by 
that means a degree of cold 
wiiioh he concluded was the great- 
est pussible, and therefore made 
his scale begin from that point. 
Deiu'iien that and boihng water 
he made 213 degrees, and the 
freezing point was found to be at 
33°. 

Eini^. Are spirit of wine, and 
mercury, the only liquids used 
ill tiio construction o"" "' 



Mri. B. I believe they are the 
only liquids now in use, though 
some others, such as linseed oil, 
would malte tolerable thermom- 
eters ; but for eiperimenta in 
which a. very quick and dehcate 
test of the changes of tempera- 
tui-e is required, air is the fluid 
sonielimea employed. The bulb 
ol' air thermometers is filled with 
commna air only, and ils expan- 
sion and contraction ara indict 
ted by a small drop of any col- 
ored liquor, which is suspended 
FA-BFiin^wilhin the tube, and moves up, 
and down, according as the air 
within the bulb and lube expands 
iir contracts. But in general, 
air thermometers, however sen- 
sible to changes of temperature, 
are by no means accurate in their 
indications, 
'ever, show you an air thermometer of a very peculiar 
which is remarkably weli adapted for some chemical 




1S3. Why was the freezing point in Fsbrei 
>d at 33 degrees;} 
124. How are thermometera conMmeted I 
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experiments, as it is equally delicate and accurate in its indica- 
tions.* 

Fig. 4, Caroline. It looks like a double thennom 

Diffifrential Ther- eter reversed, the tube being bent, aiid Ifav- 
fnofneter, ing a large bulb at each of its extremities. 

©>^-- EnUfy. Why do you call it an air thennom- 
( D J eter ; the tube contains a colored liquid ? 
\wr Mrs, B, But observe that the bulbs are 
filled with air, the liquid being confined to a 
portion of the tube, and answering only the 
purpose of showing, by its motion in the tube, 
the comparative dilatation or contraction of 
the air within the bulbs, which afford an in- 
dication of their relative temperature. Thus 
if you heat the bulb A, by the warmth of your 
hand, the fluid will rise towards the bulb B, 
and the contrary will happen if you reverse the 
experiment. 

But if on the contrary, both tubes are of the 
same temperature, as is the case now, the col- 
ored liquid, suffering an equal pressure on each 
side, no chang-e of fevel takes place. 

Caroline. This instrument appears, indeed, 
uncommonly delicate. The fluid is set in mo- 
tion by the mere approach of my hand. 
V ■^'■*- B. You must observe, however, that 
i^this thermometer cannot indicate the tem- 
perature of J any particular body, or of the 
medium in which it is immersed | it serves only to point out the 'dif- 
ference of temperature between jthe two bulbs, when placed under 
different circumstancesj For this reason it has been called differ^ 
ential thermometer. You will see hereafter to what particular pur- 
poses this instrunj^ent applies. 

EnUly. But do common thermometers indicate the exact quan- 
tity of caloric contained either in the atmosphere, or in any body 
with which they are in contact ? f 

* Students in chemistry may anfuse themselves with air ther- 
m6meters of their own construction. Procure a flat vial or ink- 
stand with a wide mouth ; also, a broken thermometer tube, the 
bulb beinff entire. Fit a cork air tight to the vial, and pierce it 
in the middle with a hot iron to admit the tube. Fill the vial about 
half full of some colored liquid. Warm the bulb of the tube by 
holding it in the hand, and in this state introduce the small end 
through the cork nearly to the bottom of the vial. The hand be- 
ing removed from the bulb, the fluid will rise in the tube. The flu- . 
id will afterwards rise or fall as heat is applied to the vial or bulb. ' 
— C. 

t The thermometer indicates the exact quantity of free caloric, 

125. What is said of air thermometers in the note ? 

126. Which figure represents an air thermometer ^ 

1S7. Why has the air thermometer been called the differential ther 
nometer .' 
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Mrs. J^isJNo) first because tliere are other modifications of ca- 
loric which dSnot afiect the thermometer ; and, secondly, because 
the temperature of a body, as indicated by the thermometer, is oo- 
ly lelatiye.l When, for instance, the thermometer remains sta- 
uonaryat the freezing point, we know that the atmosphere, (or 
m^um in which it is placed, whatever it may be) is as cold as 
freezing water ; and when it stands at the boiling point, we know 
that this medium is as hot as boiling water ; bnt we do not know 
the. positire quantity of heat contained either in freezing or boiUng 
veater,. any more than we know the real extremes of heat and cold ; 
and consequently we cannot determine that of the body in which 
the thermometer is placed. 

Caroline. I do not quite understand this explanation. 

Mrs. B. Let us compare a thermometer to a well, in which the 
water rises to different heights, according as it is more or less sup- 
plied by the spring which feeds it ; if the depth of the well is un- 
fathomable, it must be impossible to know the absolute quantity of 
inrater it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or fallen in the well at any 
time, and consequently know the precise quantity of its increase 
or diminution, without having the least knowledge of the whole 
quantity of water it contains!* 

Caroline. Now I comprehend it very well; nothing appears to 
me to explain a thing so clear as a comparison. 

Emily. But will thermometers bear any degree of heat ? 

Mrs. B. No ; for if the temperature were much above the high- 
est degree marked on the scale of the thermometer, the mercu- 
ry would burst the tube in an attempt to ascend. And at any rate, 
no thermometers can be applied to temperatures higher than the 
boiling point of the liquid used in its construction, for the steam, 
on the liquid beginning to boil, would burst the tube. In furna- 
ces, or whenever any very high temperature is to be measured, a 

present at the time and place of the experiment. Thus if a cer- 
tain quantity of heat is required to raise the mercury 20°, double 
this quantity wiU raise it to 40°. All bodies contain a quantity of 
heat not appreciable by the thermometer, or sensible to the touch. 
This is called fixed or latent heat. This can sometimes be set free, 
as when we hammer a piece of cold iron it becomes hot. Thus 
the latent caloric is squeezed out of the iron by the contraction of 
its pores under the hammer, and it then becomes free oaloric. — C. 

* This passage may be expounded as foUows. The unfathoma- 
ble depth of the well signifies the absolute quantity of caloric, and 
which the thermometer does not measure; because all bodies 

128. Do common thermometers indicate the exact quantitv of ca- 
loric contained either in the atmosphere, or in any body, with which 
they come in contact ? 

129. Why do they not? 

130. What comparison is made between a well and a thermometer? 

131. Why might not thermometers be applied to temperatures high- 
er than the boiling point of the liquid used in their constrnction ? 

4» 
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pyrometer, invented by Wedjg:wood, is used for that purpose. It 
18 made of a certain composition of baked clay, which has die pe- 
culiar property of contracting by heat, so that the degree of con- 
traction 01 this substance indicates the temperature to which it has 
been exposed. 

Emily. But is it possible for a body to contract by heat ? I 
thought that heat dilated all bodies whatever. 

A^s. B. This is not an exception to the rule. You must recol- 
lect that the bulk <^ the clay is not compared, whilst hot, virith tiiat 
which it has when cold ; but it is from the. chan^ which the day 
has undergone by having been heated, that the indications of ths 
instrument are derived. This change consists in a beginning fii- 
sion, which tends to unite the particles of clay more closely, thus 
rendering it less pervious or spongy.* 

Clay is to be considered as a spongy body, abounding in inte^ 
stices or pores, from its having contained water when soft. These 
interstices are by heat lessened, and would by extreme heat be eih 
tirely obliterated. 

Caroline, And how dp you ascertain the degrees of contraction 
of Wedgwood's pyrometer ? 

Mrs. S. The dimensions of a piece of day are measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
ruler ; the more the clay is contracted by the heat, the farther it 
will descend into the narrow part of the tube. 

Before we quit the subject of expansion, I mujaf observe to y^ou, 
that, as fluids expand more readily than solid^ so elastic fluids; 
whether air or vapor, are the most expansible or^l bodies^ ^ 

It may appear extraordinary, that all elastic fluids whatever, un- 
dergo the same degree of expansion from equal augmentation of 
temperature. . 

EmUij. I suppose, then, that all elastic fluids are of the same den- 
sity. 

Mrs. B. Very far from it ; they vary in density, more than ei- 
ther liquids or solids. The uniformity of their expansibility, which 
at first may appear singular, is, however, readily accounted for.— 
For if the different susceptibilities of expansion of bodies arise 
, from their various degrees of attraction of cohesion] no such dif 

however cold, still contain caloric. Thus mercury freezes at iCF 
below zero, but still contains caloric, and so on. The rising and 
falling of the water signifies the greater or less quantity of free ca- 
loric as indicated by the thermometer. — C. 

* According to the calculations of Saussure, the temperature 
necessary to melt this clay is 1575° Wedgwood, which is a degree 
of heat greatly beyond our common furnaces. It is therefore most 
probable that the clay contracts at lower temperatures by the loss 
of moisture. — ^C. 

132. Do aU bodies, lunoever coldj contain caloric ? 

133. In what manner is it that cla^ appears to contract by heat ? 
334. What bodies are most expansible ? 

135. Are. all elastic fluids equally expanded from )qual tiagmeott 
tions of temperature ? 
l^d. Are all elastic fluids of the same denfeity ? 
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ference can be expected in elastic fluids, since in these the attrac- 
ion of cohesion does not exist, their particles being on the contra- 
il possessed of an elastic or repulsive power ; they will therefore 
fUl be equally expanded by equal degrees of caloric. 

JBmily. True ; as there is no power exposed to the expansive 
force of caloric in elastic bodies, its effect must be the same in all 
of them. 

Mrs. B. Let us now proceed to examine the other properties of 
free caloric. / ; 

Free caloric always tends to diffuse itself /'equally ; that is to say, 
when two bodies are of different temperatures, the warmer gradu- 
ally parts with its heat to the oolder, till they are both brouffht to 
the same temperature. Thus, when a thermometer is applied to a 
hot body, it receives caloric : when to a cold one, it communicates 
part of its own caloric, and this communication continues until the 
thermometer and the body arrive at the same temperature. J 

Emily. Cold, then, is nothing but a negative quality, I siinply im« 
plying the absence of heat. ) , | 

Mrs. B. Not the total ab^nce, but a diminution of heat; for Swe 
know of no body in which some caloric may not be discovered. 

Caroline. But when I lay my hand on this marble table, I feel 
it positively cold, and cannot conceive that there is any caloric in 
it. . 

Mrs. B. The cold you experience flonsists in the loss of caloric 
that your hand sustains in an attempt to bring its temperature to 
an equilibrium with the rhsirble J K you lay a piece of ice upon it, 
you will find that a contrary effect will take place ; the ice will be 
melted by the heat it abstracts from the marble. 

Caroline. Is it not in this case the air of the room, which being 
warmer than the marble, melts the ice ? 

Mrs. B. The air certainly acts on the surface which is exposed 
to it, but the table melts that part with which it is in contact. 

Qzroline. But why does caloric tend to an equilibrium ? It can- 
not be on the same principle as other fluids, since it has no weight? 

Mrs. B. Very true, CJaroline, that is an excellent objection. 
YoM might also, with some propriety, object to the term equiUbri- 
imf being applied to a body that is without weight ; ,but I know of 
nojexpression that would explain my meaning so w^U. You must 
consider it, however, in a figurative rather than a Uferal sense; its 
strict meaning is an equal diffusion. We cannot, indeed, weU say 
by what power it diffuses itself equally, though it is not surprisinff 
that it should go from the .parts which have the most to those which 
have the least. The subject is best explained by a theory suggest- 

137. How then can their uniformity of expansibility be accounted 
for.^ . 

138. How does caloric tend to diffuse itself? 

139. How is this illustrated by a thermometer ? 

140. What is cold? 

141. Do we know of any substance in which some calonc may not 
be found ? 

142. Why do some bodies feel cold if we lay our hand upon them ? 

143. What objection is there to the term equilibrium, when speak 
ing of the equal diffusion of caloric ^ 
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ed bj Professor Prerost of Genera, whidi is now, I beliere, gen- 
erally adopted. 

According to this theory, caloric is composed of particles per- 
fectly separate from each other, eTery one of which moves with a 
rapid velocity in a certain direction. These directions vary as much 
as imagination can conceive, the result of which is, that there are 
rays or lines of these particles moving with immense velocity in 
every possible direction. Caloric is thus universally diffused, so 
that when any [>ortion of space happens to be in the neighborhood 
of another, which contains more caloric, the colder portion re- 
ceives a quantity of calorific rays &om the latter, sufficient to re- 
store an equilibrium of temperature. This radiation does not only 
take place in free space, but extends also to bodies of every kind.* 
Thus you may sup[>ose aU bodies whatever, constantly radiating ca- 
loric ; those that are of the same temperature give out and absorb 
equal quantities, so that no variation of temperature is produced in 
them ; but when one body contains more free caloric than anoth- 
er, the exchange is always in favour of the colder body, until an 
equilibrium is effected ; this you find to be the case when the mar* 
ble table cooled your hand, and again when it melted the ice. 

Caroline. This reciprocal radiation surprises me extremely. 1 
thought, from what you first said, that the hotter bodies alone emit- 
ted rays of caloric which were absorbed by the colder ; for it seems 
unnatural that a hot body should receive any caloric from a cold 
one, even though it should return a great quantity « 

Mrs. B. It may at first appear so, but it is no more extraordina- 
ry than that a candle should send forth rays of light to the sun, 
which, you know, must necessarily happen. 

Caroline. WeU, Mrs. B., I believe that I must give up the point. 
But I wish I could see these rays of caloric ; I should then have 
greater faith in them. 

Mrs. B. Will you give no credit to any sense but that of sight? 
You may feel the rays of caloric which you receive from any body 
pf a temperature hig^her than your own ; the loss of the caloric 
you part with in return, it is true, is not perceptible ; for as you 
gain more than you lose, instead of suffering a diminution, you are 
really making an acquisition of caloric. It is, therefore, only when 
you are parting with it to a body of a lower temperature, that you 
are sensible of the sensation of cold, because you then sustain an ab- 
solute loss of caloric. 



* This is true when applied to inanimate matter. But if a live 
animal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance ; and though the heat be 
100 degrees above that of the animal, it scarcely affects its temper- 
ature". — C. 

144. What is Professor Prevost's theory of caloric? 

145. What remarks respecting live anirruUs is made in the notef 

146. Do all bodies constantly radiate caloric f 

147. If one body contains more free caloric than another, what is 
the oonsequenoe ? 

148. Does a hot body receive caloric from a cold one ? 

149. How does Mrs. B. answer the objection to the reciprocal radi 
^on of caloric between bodies of .difl^rent temperature .'' 

WbMt occasions the sensation of cold ? 
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EmUy. And in this case we cannot be sensible of the small |aiuir 
tity of heat we receive in exchange from the colder body, becanse 
it serves only to diminish the loss. 

Mrs, B. V ery well, indeed, Emily. Professor Pictet, of Grene- 
va, has made some very interesting experiments, which prove not 
only that caloric radiates from all bodies whatever, but that these 
rays may be reflected, according to the laws of optics, in the same 
manner as Ught. I shall repeat these experiments before you, hav- 
ing procured mirrors* fit for the purpose ; and it will afford us an 
opportunity of using the differential thermometer, which is partio- 
ularly well adapted for these experiments. — ^I place an iron buUet, 

Fig. 5. 
Mr. Pictet^s Apparatus for the Reflection of- Heat, 




A A, and BB, Concave Mirrors fixed on stands. C, Heated Bullet, placed in tbe fo* 
cus of tbe Mirror A. D, Thermometer, with its bulb placed in tbe focus of tbe Mir- 
ror B. 13 3 4, rays of Caloric radiating from the Bullet, and falling ou tbe Mirror 
A. 5 6 7 8, tbe same rays reflected from tbe Mirror A to tbe Mirror B. 9 10 11 19, 
tbe same rays reflected by tbe Mirror B to tbe Tbermometer. 

about two inches in diameter, and heated to a degree not sufficient 
to render it luminous, in the focus of this large metallic concave 
mirror. The rays of heat which fall on this mirror are reflected, 
agreeably to the property of concave mirrors, in a parallel direo- 
tion, so as to fyH on a similar mirror, which, you see, is placed op- 
posite to the first, at the distance of about ten feet ; thence the 
rays converge to the focus of the second mirror, in which I place 
one of the bulbs of this thermometer. Now, observe in what man- 
ner it is affected by the caloric which is reflected on it from the 
heated bullet. — ^The air is dilated in the bulb which we placed in 
the focus of the mirror, and the liquor rises considerably in tlie op- 
posite leg. 

♦Mirrors made of common tinned iron show this experiment 
very well. Thev may be 10 or 12 inches in diameter, and about 2 
inches deep. They must be planished with a hammer having a 
convex, face, and afterwards polished with a piece of buckskin, and 
a little whiting. — C. 



151 . What do Professor Pictet's experiments on caloric prove ? 

152. What is tbe object of figure 5 ? 

1.53. How would you explain the experiment represented in this fig>- 
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'ErnHy. 'But would not the same effect take place, if tj^e rays of 
caloric from the heated bullet fell directly on the thermometer, 
without the assistance of the mirrors ? 

Mrs. B, The effect would in that case be so- trifling, at the dis- 
tance at which the bullet and the thermometer are from each oth- 
er, -that it would be almost imperceptible. The mirrors, you 
know, ^eatly increase the effect, by collecting a large quantity of 
rays in a focus ; place your hand in the focus of the mirror, and you 
will find it much hotter there than when you remove it nearer to 
the bullet. 

Emily. That is very true : it appears extremely singular to feel 
the heat diminish in approaching the body from which it proceeds. 

Caroline. And the mirror which produces so much heat, by con- 
verging the ravs, is itself quite cold. 

Mrs. B. The same number of rays that are dispersed over Ac 
surface of the mirror are collected by it into the focus ; but if you 
consider how large a surface the mirror presents to the rays, and 
consequently, how much they are difiused in comparison to what 
they are at the focus, which is a little more than a point, I think you 
can no longer wonder that the focus should be so much hotter than 
the mirror. 

The principal use of the mirror in this experiment is, to prove 
that the calorific emanation is reflected in the same manner as 
light. 

Caroline. And the result, I think, is very conclusive. 

Mrs. B. The experiment may be repeated with a wax taper in- 
stead of the bn.Uet, with a view of separating the light from the 
caloric. For this purpose a transparent plate of glass must be in 
terposed between the mirrOra ; for light, you know, passes with 
great facility through glass, whilst the transmission of caloric is 
almost wholly impeded oy it. We shall find, however, in this ex- 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the thermometer rises a little ; but, as 
soon as the glass is removed, and free passage left to the caloric, it 
wDl rise considerably higher. 

Emily. This experiment, as well as that of Dr. Kerschell's, 
proves that light and heat may be separated ; for in the latter ex 
periment the separation was not perfect, any more than that of Mr. 
rictet. 

Caroline. I should like to repeat this experiment, with the dif- 
ference of substituting a cold body instead of a hot one, to see 
whether cold would not be reflected as well as heat. 

Mrs. B. That experiment was proposed to Mr. Pictet by an in- 
credulous philosopher like yourself, and he immediately tried it by 
substituting a piece of ice in the place of a heated bullet. 

Caroline. Well, Mrs. B., and what was the result ? 



154. Why do mirrors increase the effect in this experiment ? 

155. Why does a metallic mirror feel cold when placed before the 
fire.? 

156. What is the use of the mirror in the experiment ? 

157. What substance almost wholly impedes the transmission of 
caloric } 

158. What does this prove ? 

159. What philooopher supposed that cold might be reflected ' 
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}in* B. That we shall see ; 1 have procured some ice for the 

puinpose. 
Emih/, The thermometer falls considerably ! 
Caroline. And does not that prove that cold is not merelya nega^ 
^m quality, implying simply an inferior degree of heat ? The cold 
xsi^isXhe positive, since it is capable of reflection. 

Mrs. n. So it first appeared to Mr. Pictet ; but upon a liftle 
^consideration he found that it afforded only an sidditional proof of 
Che reflection of heat ; this I shall endeavor to explain to you. 

According to Mr. Provost's theory, we suppose that all bodies 

yhatever radiate caloric; the thermometer used in these expert 

iments, therefore, emit calorific rays in the same manner as any 

«ther substance. When its temperature is in equilibrium with that 

€)f the surrounding bodies, it receives as much caloric as it parts 

"with, and no change of temperature is produced. But when we 

introduce a body of a lower temperature, such as a piece of ice, 

"which parts w^ith less caloric than it receives, the consequence is, 

%hat its temperature is raised whilst that of the surrounding bodies 

is proportionally lowered. 

jE^mUy. If, ror instance, I was to brinff a large piece of ice into 
this room, the ice would in time be melted, by absorbing caloric 
irom the general radiation which is going on throughout the room ; 
and as it would contribute very little caloric in return for what is 
absorbed, the room would necessarily be cooled by it. 

Mrs. B. Just so ; and as in consequence of the mirrors, a more 
considerable exchange of rays takes place between the ice and the 
thermometer, than between these and any of the surrounding bod- 
ies, the temperature of the thermometer must be more lowered than 
that of any other adjacent object. 

Caroline. ~ I confess 1 do not perfectly understand your explana- 
tion. 

Mrs. B. This experiment is exactly similar to that made with 
the heated bullet ; for, if we consider the thermometer as the hot 
body (which it certainly is in comparison to the ice,) you may then 
easily understand that it is by the loss of the calorific rays which 
the thermometer sends to the ice, and not by any cold rays receiv- 
ed from it, that the fall of the mercury is occasioned ; for the ice, 
far from omitting rays of cold, sends forth rays of caloric, which di- 
minish the loss sustained by the thermometer. 

Let us sajr, for instance, that the radiation of the thermometer 
towards the ice is equal to 10, and that of the ice towards the 
thermometer to 20 , the exchange in favor of the ice is as 20 is 
to 10, or the thermometer absolutely loses 10, whilst the ice gauis 
10. 

Caroline. But if the ice actually sends rays of caloric to the 
thermometer, must not the latter fall still lower when the ice is re- 
moved ? 

Mrs. B. No ; for Ihe space which the ice occupies, admits rays 

^ ■■ III! -.. . rrm^im 

160. What did his experiment prove ? 

161. What is probable respecting the use of the thermometer in 
this experiment, according to Mr. Prevost's theory ? 

162. What similarity is there between this experiment and that of 
the heated bullet ? 

163. Since the ice eenda la^s of caloric to the tben&om&Xet^ ^'W^ 
not the thermometer All if the ice it removed ? 
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fioxn all the surrounding bodies to pass through it ; and those bein^ 
of the same temperature as the thermometer, will not aflfect it, be- 
cause as much heat ^now returns to the thermometer as radiates 
from it. 

Caroline, I must confess that you have explained this in so satis- 
factory a manner, that I cannot help being convinced now that cold 
haf no real claim to the rank of a positive being. 

Mrs. B, Before I conclude the subject of radiation, I must ob- 
serve to you, that different bodies (or rather surfaces,) possess the 
power of radiating caloric \in very different degrees. ^^ 

Some curious experiments have been made by Mr. Leslie on 
this subject, and it was for this purpose that he invented the differ- 
ential thermometer ; with its assistance he ascertained that plack 
surfaces radiate most, glass next, and polished surfaces the least of 

all; 
Emily. Supposing these surfaces, of course, to be all of the same 

temperature. 

Mrs. B. Undoubtedly. I will now show you the very ingen- 
ious apparatus, by means of which he made these experiments. 
This cubical tin vessel, or canister^ has each of its sides externally 
covered with different materials ; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of glass, 
and in the fourth the polished tin surface remains uncovered. 
We shaU fill this vessel with hot water, so that there can be no 
doubt but that all its sides will be of the same temperature. Now 
let us place it in the focus of one of the mirrors, making each of its 
sides front it in succession. We shall begin with the^black sur- 
face.* ^ 

Caroline. It makes the thermometer which is in the focus of the 
other mirror rise considerably. Let us turn the paper surface 
towards the mirror. The thermometer fells a little, therefore of 
course, this side cannot emit or radiate so much caloric as the black- 
ened side. 

Emily. This is very surprising ; for the sides are exactly of the 
same size, and must be of the same temperature. But let us try 
the glass surface. 

Mrs. B. The thermometer continues falling, and with the plain 
surface it falls still lower ; these two surfaces therefore radiate less 
and less. 

Caroline. 1 think I have found out the reason of this. 

Mrs. B. I should be very happy to hear it, for it has not yet (to 
my knowledge) been accounted for. 

* The radiating power of diJferent surfaces may be shown thus. 
Take a common half pint tin cup, scour one side bright, and paint 
or smoke the other black. Place this in the focus of the n^rror, 
and the thermometer wiU rise or fall as its sides are changed.^ — C. 

164. Why will it not i> 

165. Do all surfaces radiate caloric in equal degrees ? 

166. What surfaces radiate most caloric, and what ones least ? 

167. What illustration is given of the different radiations of difier^ 
ent surfaces ? 

16d. How is it stated in the note^ that ihe radiating power qf differad 
nafaees may be shown f 
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CaroUne, The water within the vessel gradually cools, and the 
thermometer in consequence gradually falls. 

Mrs. B. Tt is true that the water cools, but certainly in much Jess 
proportion than the thermometer descends, as you will perceive if 
you now change the tin surface for the black one. 

Caroline, I was mistaken, certainly, for the thermometer rises 
again now that the black surface fronts the mirror. 

Mrs. B. And yet the water in the vessel is still cooling, Caro- 
line. 

Ermbj. 1 am surprised that the tin surface should radiate the 
least csLioric, for a metallic vessel filled with hot water, a silver tea- 
pot for instance, feels much hotter to the hand than one of black 
earthen ware. 

Mrs. B. That is owing to the difierent power which various bo- 
dies possess- for condticting- caloric, a property which we shall pres- 
ently examine. Thus, although a metallic vessel feels warm to 
the hand, a vessel of this kind is known to preserve the heat of the 
liquid within, better than one of any other materials; it is for this 
reason that sUver tea-pots make better tea than those of earthen- 
ware. 

Emily. According to these experiments, light colored dresses, 
in cold weather, . should keep us warmer than black clothes, since 
the latter radiator so much more than the former. 

Mrs. B. And'that is actually the case. 

Emily. This property, of different surfaces to radiate in different 
degrees, appears to me to be at variance with the equilibrium of 
caloric ; since it would imply that those bodies which radiate most 
must ultimately become coldest. 

Suppose that we were to vary this experiment, by using two me- 
tallic vessels full of boiling water, the one blackened, the other not ; 
would not the black one cool the first ? 

Caroline. True : but when they were both brought down to the 
temperature of the room, the interchange of caloric between the 
canisters and the other bodies of the room being then equals their 
temperature would be the same. / 

Emily. I do not see why that should be the case; forfif diflTerent 
surfaces of the same temperature radiate in diflferent degrees when 
heated, why should they not continue to do so when cooled down 
to the temperature of the room ij 

Mrs. B. You have started a' diflSculty, Emily, which certainly 
requires explanation. It is found by experiment, that the power 
of absorption corresponds with, and is proportional to, that of radia- 
tion ; so that under equal temperatures, bodies compensate for the 

169. Why will a silver tea-pot or any metallic vessel filled with hot 
water, feel much hotter to the hand than one of black earthen- ware ? 

170. Why will a silver tea-pot make better tea than an earthen one ? 

171. Why is a light-colored dress warmer than a black one in win- 
ter .? 

172. And why a light-colored one colder than a black in the sum- 

mer.^ , , , « 

173. What difficulty is mentioned respecting the above theory of 

tbe radiation of caloric ? 

5 
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greater IO0B ther snstaia in consequence of tlieir greateir Tadiadon 
bj their greater absorption ; so that if yon were to make your ex- 
periment in an atmosphere heated like the canisters, to the tempe- 
rature of boiling water, though it is true that the canisters would 
radiate in di&renf degrees, no chan^ of temperatmre would be 
produced in them, because thej would each absorb caloric in pro- 
portion to their respective radiation. 

Emihf. But would not the canisters of boiling water also absorb 
caloric in di^rent degrees in a room of the common temperature ? 

Mrs, B. Undoubt^y they would. But the Tarious bodies in 
the room would not, at a lower temperature, furnish either of the 
canisters with a sufficiency of caloric to compensate for the loss 
they undergo: for, suppose a black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only 300 ; yet if the 
former radiates 800, whilst the latt^ radiates only 400, the black 
canister will be the first cooled down to the temperature of the 
room. But from the moment the equilibrium of temperature has 
taken place, the black canister, both receiving and giving out 400 
rays, and the metallic one 200, no change of temperature will take 
place. 

Emily. I now understand it extremely well. But what becomes 
of the surplus of calorific rays, which good radiators emit, and bad 
radiators recsive ? they must wander about in search of a resting- 
place! 

Mrs, B. They really do so ; for they are rejected and sent back, 
or in other words, reflected by the bodies wluch are bad radiators 
of caloric; and they are thus transmitted to other bodies which 
happen to lie in their way, by which they are either absorbed or 
again reflected, according as the property of reflection, or that of 
absorption predominates in these bodies. 

Caroline. I do not well understand the diflference between radia- 
ting and reflecting calohc, for the caloric that is reflected from a 
body, proceeds from it in straight lines, and may surely be said to 
radiate from it ? 

Mrs. B. It is true that there at first appears to be a great analo- 
gy between radiation a.nd reflection, as they equally convey the idea 
of the transmission of caloric. 

But if you consider a little, you will perceive that when a body 
radiates caloric, the heat which it emits not only proceeds firom, but 
has its origin in the body itself. Whilst when a body reflects calo- 
ric, it parts with none of its own caloric, but only reflects that which 
it receives from other bodies. 

EmiJiy. Of this difference we have very striking examples before 
us, in the tin vessel of water, and the concave mirrors;} the first 
radiates its own heat, the latter reflect the heat which they receive 
from other bodies. 

Car oline. Now that I understand the difference, it no longer 

174. If different surfaces of the same temperature radiate in diflTer- 
ent degrees when heated, why do they not continue to do so when 
cooled to the temperature of the room ? 

175. What becomes of the surplus caloric, which good radiaton 
emit and bad ones refuse to receive .' 

176. What is the difference between the radiation and reflection of 

y^nr would jou illustrate this difference by example ' 
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surprises me that bodies which radiate or part with their own calor- 
ic freely, should not have the power of transmitting with equal fa- 
dlity that which they receive from other bodies. 

Emily. Yet no body can be said to possess caloric of its own, if 
all caloric is derived originally from the sun. 

Mrf. B, When I speak of a body radiating its own caloric, I 
meanjthat which it has absorbed and incorporated either immedi- 
ately firom the sun's rays, or through the medium of any other sub- 
stance j 

Caroline. It seems natural enough that the power of absorption 
should be in opposition to that of reflection, for the more caloric a 
body receives, the less it will reject. 

Emily. And. equally so that the power of radiation should corres- 
pond with that of absorption. It is, in fact, cause and effect ; for a 
body cannot radiate heat without having previously absorbed it ; 
just as a spring that is well filled fiows abundantly. 

Mrs. B\ Fluids are in general very bad radiators of caloric ; and 
air neither radiates nor absorbs caloric in any sensible degree. 

We have not yet concluded our observations on fiee caloric. — 
But I shall defer, till our next meeting, what I have further to say 
on this subject. I believe it will afford us ample conversation for 
another interview. 



CONTERSATION ni, 

CONTINUATIOW OP THE SUBJECT. 

Mrs. B. In om: last conversation, we began to examine the ten- 
dency of calori«^to restore an equilibrium of temperatur^ This 
property when spce well understood affords the explanation of a 
great variety oi^facts which appeared formerly unaccountable. — 
You must observe, in the first place, that the eflfect of this tendency 
is gradually to bring all bodies that are in contact, to the same 
temperature. Thus the fire which burns in the grate, communi- 
cates its heat from one object to another, till every part of the room 
has an equal portion of it. 

Emxty. And yet this book is not so cold as the table on which it 
lies, though both are at an equal distance from the fire, and actual- 
ly in contact with each other, so that according to your theory, they 
should be exactly at the same temperature. 

Caroline. And the hearth which is much nearer the fire than the 
carpet, is certainly the colder of the two. 

Mrs. B. fa you ascertain the temperature of these several bodies 

178. When we speak ot a body radiating its own caloric, what do 
we mean ? 

179. What are very bad radiators of caloric ? 

180. Has caloric any effect upon the air ^ 

181. What is the tendency of caloric .' 

182. I>o all substances at the same temperature feel equally warm 
or cold ? 
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by a thermometer (wbich b a much moie aocm^ test thin your 
' feeling,) you wiU find that h is exactly the samey 
- Caroline. But if they are of the same temperatorey why should 
the one fee^ colder than the other? 

Mrs. BfThe hearth and the table feel colder than the carpet or 
the book, because the latter are not such good conductors of heat 
as the former. Caloric finds a more easy passage through marble 
and wood, than through leather and worsted ; the two finrmer w^ 
therefore absorb heat more rapidly from your hand, and conse- 
quently give it a stronger sensation* of cold than tlto two latter, air 
though they are all really of the same temperatureJ 

Caroline. So, then,vthe sensation I ieel on touchmg a cold body, 
is in proportion to the rapidity with which my hand jrields its heat 
to that iMxiy^ j 

Mrs. B. Precisely; and/ if you lay your hand suocesstrely on 
every object in the room, ]^ou will discover which are good, and 
which are bad conductors of heat, by the dififerent degrees of cold 
which you feel. But in order to ascertain this point, it is necessary 
that the several substances should be of the same temperature, 
which will not be the case with those that are near the fire, or 
those that are exposed to a current of cold air from a window or 
doorj 

Emily. But what is the reason that some bodies are better con- 
ductors of h^t than others ? 

Mrs. B. f£h\s is a point not well ascertained. It has been con- 
jectured that a certain union or adherence takes place between the 
caloric and the particles of the body through which it passes. If 
this adherence be strong, the body detains the heat, and parts with 
it slowly and reluctantly ; if slight, it propagates it freely and ra- 
pidly. The conducting power «f a body is therefore, inversely, as 
Its tendency to unite with caloric^ 

Emily. That is to say, thatOne best conductors are those that 
have the least afiinity for caloric. 

Mrs. B. Yes ; but the term affinity is objectionable in this case, 
because, as that word is used to express a chemical attraction, 
(which can be destroyed only by decomposition,) it cannot be ap- 
plicable to the slight and transient union that takes place between 
free caloric and the bodies through which it passes; an union 
which is so weak, that it constantly yields to the tendency which 
^loric has to an equilibrium. Now you clearly understand, that 
\the passage of caloric, through bodies that are good conductors, is 
mucn .more rapid than through those that are bad conductors} and 
thaf the former both give ana receive it more quickly) and there- 

183. Why do they not? 

184. What are instances of substances of the same temperature pro- 
ducing different sensations of heat and cold ? 

185. To what is the sensation proportional on touching one's iiand 
to a cold body ? 

186. How can we ascertain which bodies are good conductors of 
heat and which are not ? 

187. Whv are some bodies better conductors of heat than others? 

188. Will caloric pass quickest through good or bad conductors? 

189. Which gives it and receives it most readily ^ 
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fore, in a giren time more, abundantly, than bad conductors, which 
makes them feel either hotter or colder, though they may be in fact, 
both of the same temperature. 

Caroline. Yes, I understand it now {the table and the book lying 
upon it, being really of the same temperature, would each receive 
in the same space of time, the same quantity of heat from my hand, 
were their conducting powers equal ; but as the table is the best 
conductor of the two it will absorb the heat firom my hand more 
rapidly, and consequently produce a stronger sensation of cold ti^an 
the book A 

Mrs, B. Very well, my dear ; and observe, likswise, that if you 
were to heat the table and the book an equal number of degrees 
above the temperature of your body, the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in the first 
case it took the heat most rapidly from your hsuid, so now it will im- 
part heat most rapidly to it. Thus the marble table, which seems 
to us colder than the mahogany one, will prove the hotter of the 
two to the ice ; for if it takes heat more rapidly from our hands, 
which are warmer, it will give out heat more rapidly to the ice, 
which is colder. Do you understand the reason of these apparent- 
ly opposite effects ? 

Emily, Perfectly A body which is a good conductor of caloric 
afibrdsitafree passage; so that it penetrates through that body more 
rapidly than through one which is a bad conductor ; and conse- 
quently, if it is colder than your hand, you lose more calorio^ and if 
it is hotter .you gain more than a bad conductor of the same tem- 
perature. / 

Mrs, jB( But you must observe that this is the case only when 
the conducbors are either hotter or colder than your hand ; for, if 
you heft different conductors to the temperature of your body, they 
will all ^el equally warm, since the exchange of caloric between 
bodies of the same temperature is equap Now, can ycu tell me 
why flannel clothing, which is a very oad conductor of heat, pre- 
vents Our feeling cold ? 

Caroline. It prevents the cold from penetrating. 

Mrs, B. But you forget that cold is only a negative quality. 

Caroline, True/it only prevents the heat of our bodies from es- 
caping so rapidly as it would otherwise doV 

Mrs. B, Now you have explained it na^t ; the flannel rather 
keeps in the heat, than keeps out the cold. VW"ere the atmosphere 
of a higher temperature than our bodies, it wbuld be equaUy effica- 
cious in keeping their temperature at the same degree, as it would 
prevent the free acoess of the external heat, by the difficulty with 
which it conducts iy f 

Emihj, This, I think, is very clear. (Heat, whether external or 
intemsJf, cannot easily penetrate flannel 7 therefore, in cold weather 

190. If we lay cor hand upon a table and a book both of the same 
temperature, why does the table produce a stronger sensation of cold 
than the book ? 

191. Under what circumstances will good and bad conductors feel 
equally warm to our flesh ? 

192. Whv does flannel clothing prevent our feeling cold ? 

193. Under what circamstances, or when would a flannel dress pro- 
dnoe A contrary effect in our feelings .' 

6» 
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it keeps us waxm, and if the weather were hotter than oar hodies, 
it would keep us contt^ 

Mrs. B. The mos(^en^1i)odies are, generally speaking, the best 
conductors of heat ; ph)B3Mr^ecaase the denser the body the great- 
er are the number of points^ particles that come in contact with 
caloric. ) At the common temperature of the atmosphere, a piece of 
metal will foel much colder than a piece of wood, and the latter 
than a piece of woollen cloth ; this again will feel eolder than flan- 
nel ; and down, which is one of the lightest, is at the same time one 
of the warmest bodies.* 

Caroline. This is, I suppose, the reason that the pluma^e^f birdB 
preserves them so elTectually from the influence of cold in winter? 

Mrs. B. Yes ; but though feathers in general are an excellent 
preservative against cold, down is a kind of plumage, peculiar to 
aquatic birds, and covers their chest, which is the part most ex- 
posed to the water ; for though the surfape oOhe water is not of a 
lower temperature than^the atmosphere, yeM^ a better conduc- 
tor of heatyit feels much colder, consequentl^tiie chest of Uie bird 
requires a "warmer covering than any other part of its body^ Be- 
sides, the breasts of aquatic birds are exposed to cold, not oflDyfrom 
the temperature of the water, but also from the velocity with which 
the breast of the bird strikes against it ; and likewise from the ra^ 
id evaporation occasioned in that part by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the water. 

If you hold a finger of one hand motionless in a glass of water, 
and at the same time move a finger of the other hand swiftly through 
water of the same temperature, a different sensation will be soon 
perceived in the diflferent fingers, f 

Most animal substances, especially those which Providence has 
assiorned as a covering for animals, such as fur, wool, hair, skin, &c 
are bad conductors of heat,, and are, on that account, such excellent 
preservatives against the inclemency of winter, that our warmest 
apparel is made of these materials. 

* One reason why fur, down, &c. conduct heat so badly, is, that 
they contain a large quantity of air, which is a worse conductor than 
the materials themselves.;— C. 

f The reason seems to'te, that the finger, when it is still, warms 
the water in contact with it ; while the one* that is stirring is con- 
stantly exposed to fresh applications of cold. — C. 

J 94. What bodies are generally considered the best conduGtors of 
caloric ? 

195. Why are dense bodies the best conductors ^i 

196. If the surface of water is not of a lower temperature than the 
atmosphere, why does it feel colder .'* 

197. Why are fur, hair, wool, and down, good preservatives against 
the inclemency of winter i* 

198. Why are they had conductors of caloric ? 

199. If you hold a finger of one hand motionless in a glass qfwe^tr^ 
and at the same time move a finger of the other hand swiftly through toa« 
ter of the same temperature^ why is a different sensation produced * 
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EmUy, Wood is, I dare say, not so ^ood a conductfi^^ metal, 
and it is for that reason, no doubt, that silver tea pots hat* always 
wooden handles. 

Mrs, B, Yes ; and it is the facility with w^iich metals conduct 
caloric that made you suppose that a silver pot radiated more ca- 
loric than an earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ;^ut it is because its conducting po>y- 
er more than counterbalances ite^ficiency in regard to radiation j 

We have observed that the most dense bodies are in general, ^e 
best conductors ; and metals you know, are of that class. Porous 
bodies, such acs the earths, and wood, are worse conductors, chief- 
ly, I believe, Von account of the\r pores being filled with air ; for air 
is a remarkabljTbad conductor.N 

Caroline. It is a very fortuna/e circumstance that air should be 
a bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

Mrs. B. It is one of the many benevolent dispensations of Prov- 
idence, in ordi!r to soften the inclemency of the season, and to ren- 
der almost all climates habitable to man. 
/in fluids of dififerent. densities, the power of conducting heat va- 
XRS no less remarkably^ . if you dip your hand into this vessel full 
of mercury, you will scarcely conceive that its temperature is not 
lower than that of the atmosphere. 

Caroline. Indeed I know not how to believe it, it feels so extreme- 
ly cold. But we may easily ascertain its true temperature by the 
thermometer. It is really not colder than the air : the apparent 
difference then is produced merely by the difference of the conduct- 
ing power in mercury and in air. 

Mrs. B. Yes ;( hence you may judge how little the sense of feel- 
ing is to be relied W as a test of the temperature of bodies, and how 
j^ecessar^ a thermometer is for that purposey 

It has indeed been doubted whether fluids have the power of con* 
ducting caloric in the same manner as solid bodies. Count Rum- 
ford a very few years since, attempted to prove by a variety of ex- 
periments, that fluids when at rest, were not at all endo'vved with 
this property. 

Caroline. How is that possible, since they are capable of impart- 
ing cold or heat to us ; for if they did not conduct heat, they would 
oeither take it from, nor give it to us ? 

Mrs. B. Count Rumford did not mean to say that fluids would 
not conmiunicate their heat to solid bodies ; but only that heat does 
not pervade fluids, that is to say is not transmitted from one particle 
of a fluid to another, in the same manner as in solid bodies. 

Emily. But wkui you heat a vessel of water over the fire, if the 
particles of wat4Po not communicate heat to each other, how does 
the water becomeJ||f throughout ? 

200. Why does a silver tea pot feel hotter to the hand than an 
earthen one ^ 

201. Why are wood and earths bad conductorB of it .' 

202. Have fluids of different densities the same power of conducting 
caloric.^ 

203. Ouffht the sense of feeling to be relied on u a test of the tem 
perature of bodies } Why ? 
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tjiiiriii >jf "tniAT. tiii»r>»ii}r«. i£ che boaom. of the umbT. being spe* 
ncrallT li^tisr cnrui cae rest ot che liqniii. and cocueqizeaUT ascend 
to m« iKTtux, 'arner^. parr.qg wish some ot ibmz hcos to tbe cokler 
aLSmo^phere. tii^T in^ njoiif^ued lod «iye w^t to a ftesh saeoeasioii 
Cif hea&^fi parnrLea aaceadin^ l5nxiL che l»aoin. which, haTiog 
throva o^ ctieir h«»a£ au the «uz&e. are in their turn ds^laced. — 
Tii'iB eveTT vitcicIk ia SGeTceaMretr beaceii at che bottom, and cool- 
ed zt the &!irfi.?e of th'» ii.^dii : buc as che cre coaunnnicates heat 
mr^re r%pi<ilv :a:m !J2«? atzncspher:? o^iis che sncceaBioa of soi&ces, 
tn« whol* of che li'iii-i ia time becomes heated. I 

Oiro-tn^, Thia aj>xkuii:s meet irLzeoiocsIj ibrVhe propagation of 
heat apwirds. Bat sapposing- joa were to heat the nraer rarfiice 
of a liqairi. the particles being specifcaiiT hghter than those below, 
couid no; descend : how therefore woald the heat be oommnnicar 
ted downwards r 

Mrs, B. If there were no agitation to force the Iteated sufaoe 
downwards, Cou.it Runit>rd assures os that the heat trookl not de- 
scend. In proof of thislie sacoeeded in making the upper surlkoe 
of a vessel of water boil Lnd eraporate, while a cake of ice remain- 
ed frozen at the bottom.f 

fyiroline. That is Terr extraordinary indeed ! 

Mrs. B. It appears so, because we are not aocostomed to heal 
liquirl* by th^ir upper surface ; but you wiU undersCand this theory 
better if I show you the internal motion that takes place in liquids 
when they experience a change of temperature. The motion of 
the liquid itseli is indeed invisible, from the extreme minuteness of 
its particles ; but if you mix with it any colored dust, or powder, 
of nearly the same specific gravity as the liquid, you may judge of 
the internal motion of the latter Sy that of the colored dust it coi^ 
tainn. — Do ^'ou see the small pieces of amber moving about in the 
liquid contained in this phial ? 

(Caroline, Yes, perfectly. 

Mrs. //.' We shall now immerse the phial in a glass of hot water, 
and the motion of the liquid ^ill be shown by that which it commu- 
nication to the amber, i 

Emily. I sec two currents, the one rising along the sides of the 
phial, tho other descending in the centre ; but I do not understand 
tho n;a8on of this. 



• J)r. Thomson says — "VAll fluids, however, are capable of con- 
ducting caloric ; for when the source of heat is applied to their 
aurfhcc, tho caloric gradually makes its wa}r d^nwsu^s, and the 
t(mit)nraturc of every stratum gradually diminishlRrom the surface 
to the bottom of tho liquid. | — C. ^» 

V(H. Mow are fluidf heated, when placed over the fire ? 

VM)r>. Wy what experiment did Count Rumford attempt to prove 
that fluidH do not conduct caloric downwards ? 

son. What t(^a» f)r. ThomsorCs opinion on this subject f 

W7. What oxnoriment ihows tho internal motion that takes plao« 
in li(|uidi wlion tiioy experience a change of temperature ' 
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Jlfr5. jB. iThe hot water communicates its caloric, through the 
medium of tne phial, to the particles of the fluid nearest to the glass ; 
these dilate and ascend laterally to the surface^ where, in parting 
with their heal they are condensed, and in descending, form the 
central current! 

Caroline, Tnis is indeed a very clear and satisfactory experiment ; 
but how much slower the currents now move than they did at first ! 

Mrs, B, It is because the circulation of particles has nearly pro- 
duced an equilibrium of temperature between the liquid in the glass 
amd that in the phial. 

Caroline, But these communicate laterally, and I thought that 
heat in liquida could be propagated only upwards. 

Mrs. B. You do not take notice that the heat is imparted from 
one liquid to another, through the medium of the phial itself, the 
external surface of which receives the heat from the water in the 
glass, whilst its internal surface transmits it to the liquid it contains. 
rf ow take the phial out of the hot water,«ajid observe the effect of 
its cooling. / * * Z' . 

Erraly, The currents arainrev^rs^d ; Ahe external current now 
descends, land the internal one rise9i--I guess the reason of this 
ciiange ; pe phial being in contact with cold air instead o(. hot t^- 
ter, the external particles are copied, instead of being "heated ;j — 
they therefore descend and force up the central particles, whieh, 
being warmer, are consequently lignter. * 

Mrs, B. It is just so ; Count Rumford hence infers, that no alter- 
ation of temperature can take place in a fluid, without an intemai 
motion of its particles ; and as this motion is produced only by the 
comparative levity of the heated particles, heat cannot be propaga- 
ted downwards. 

But though I believe that CountRumford's theory as to heat being 
incapable of pervading fluids is not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communication is 
materially promoted by a motion of the parts ; and this accounts for 
the cold that is found to prevail at the bottom of the lakes in Swit- 
zerland, which are fed by rivers issuing from the snowy Alps. [The 
water of these rivers being colder, and therefore more dense than 
that of the lakes, subsides to the bottom, where it cannot be aflfect- 
ed by the warmer temperature of the surface ; the motidn of the 
waves may communicate this temperature to some little depth, but 
it cai^ descend no further than the agitation extends.] 

Emily, But when the atmosphere is colder than the lake, the 
colder surface of the water will descend, for the very reason that 
the warmer will not. 

Mrs. B, Certainly ; and it is on this account that neither a lake 
nor any body of water whatever, can be frozen until every particle 

208. Why does one of the currents rise along the side of the phial 
and the other descend in the centre, when the phial is immersed in 
hot water ? 

209. if the phial be taken out of the hot water, what will be the ef- 
fect.' 

210. "What is the reason of this change ? 

211. Why does cold prevail at the bottom of the lakes in Switzey> 
land, which are fed by the rivers issuing from the snowy Alps? 

SIS.- When is a lake or any collection of watec fioiftu? 



of tbewaterhtfiiaentDllieni&oeto gmoff jtiaJooetoliKeaU* 
er atmoephere ; therefore ifae defter & body of wmta is, the koger 

will be tae tiiDe it requires io be mnen. 

ErnUy. Bat if the temperature of the whole bodj of water be 
broug-bt <iow]D to the free&ng point, whj is only the sor&oe fioaea? 

^frs, B. fThe teioDeratoie of the whole body is lowered, but not 
to the freenng pointy Hie diminntioo of heat, as yoa know, pro- 
duces a contraction in the bulk of fluids, as well as (^solids. This 
effect, however, does not take place in water below the tempeia- 
ture of 40 degrees, which is 6 degrees abore the fieeziiif point. At 
that temperature, therefore, the internal motion, occasioned by the 
increased specific grarity of the condensed particles ceases; for 
when the water at the sor&ce no longer condenses, it will no long' 
er rj^rscend and leave a fresh sur&ce exposed to the atmosphere ; tlus 
surface alone, therefore, uill be further eicposed to its severity, and 
will soon be brought down to the freezing point, when it becomes 
ice, which being a bad conductor of heat, preserres the water be- 
neath a long time from being affected by the external cold. 

(Caroline. And the sea does not ^eeze, I suppose, becaqse its 
depth LB so great, that a frost never lasts long enough to bring down 
the temperature of such a great body of water to 40 degrees ? 

Mrs. B. That is one reason why the sea, as a large mass of wa- 
ter, does not freeze. But independently of thislsalt water does not 
freeze till it is cooled much below 32 ^egreesJ^nd with respect to 
the law of condensation, salt water is an exceiraion, as it condenses 
even many degrees below the fireezing point. When the caloric^of 
fresh water, therefore, is imprisoned by the ice on its sur^e Jue 
ocean still continues throwing off heat into the atmosphere, Kehich 
is a mo8t signal dispensation of Providence to moderate the ihtensi- 
ty of the cold in winter. 

Caroline. This theory of the non-conducting power of liquids, 
docs not, I suppose, hold good with respect to air, otherwise the at- 
inoupticro would not be heated by the rays of the sun passing 
through it ? 

Mrs. B. Nor is it heated in that way. The pure atmosphere is a 
pori'octly transparent medium, which neither radiates, absorbs, nor 
fionducts caloric, but transmits the rays of the sun to us without in 
any way diminishing their intensity. The air is therefore not more 
heatod, by the sun's rays passing through it, than diamond, glass^ 
water, or any other transparent medium.* 

Caroline. That is very extraordinary ! Are glass windows not 
houtod then by the sun shining on them ? 

» 

* To show still better that transparent media are not heated by 
tho rays of the sun, throw the focus of a burning lens into a vessel 
Of clear water. No effect on the temperature will be produced; 
but if aa opako body, as a piece of cork, be introduced under the 
focus, tho water at this point instantly begins to boil. — C. 

S213. Why does water first freeze at the surface ? 

!214. Why does not the surface of the sea freeze? 

1215. What moderates the intensity of cold in winter? 

)21G. Is tho atmosphere heated by tne rays of the sun passing throngh 
it? 

S)17. What ejperiment maUumed m the note, proves that transptf 
rmU media are not heated hy the rays of the sunf 
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Mrs. B, ^o ; not if the glass be perfectly transparent. A most 
convincing proof that glass transmits the rays of the siin without 
being heated by them, is afforded by the buminff lens, which by 
converging the rays to a focus, will set combustible bodies on fire, 
without its own temperature being raised. 

Emily. Yet Mrs. B., if I hold a piece of glass near the fire, it is 
almost immediately warmed by it ; the glass, therefore, must retain 
Eome of the caloric radiated by the fire. Is it that the solar rays 
alone pass freely through the glass without paying tribute ? It seems 
unaccountable that the radiation of a common fire should have 
power to do what the sun's rays cannot accomplish. 

Mrs, B. It is not because the rays from the fire have more power, 
but rather because they have less, that they heat glass and other 
transparent bodies. It is true, however, that as you approach the 
source of heat, the rays being nearer each other, the heat is more 
condensecl, and can produce effects of which the solar rays, from 
the ^eat distance of their source are incapable. — Thus wfe should 
find It impossible to roast a joint of meat by the sun's rays, though 
it is so easily done by culinary heat. Yet caloric emanated from 
burning bodies, which is commonly called culinary heat, has neither 
the intensity nor the velocity of solar rays. All caloric, we have 
said, is supposed to proceed originally from the sun ; but after hav- 
ing been incorporated with terrestrial bodies, and again given out 
by them, though its nature is not essentially altered, it retains nei- 
ther the intensity nor velocity with which it first emanated from 
that luminary ; it has therefore not the power of passing through 
transparent mediums, such as glass and water, without being par- 
tially retained by those bodies. 

Emily, I recollect that in the experiment on the reflection of 
heat, the glass screen which you interposed between the burning 
taper and mirror, arrested the rays of caloric, and suflfered only 
those of light to pass through it. 

Caroline, Glass windows, then, though they cannot be heated by 
the sun shining on them, may be heated internally by a fire in the 
room? But, Mrs. B., since the atmosphere is not warmed by the 
solar rays passing through it, how does it obtain heat ? For all the 
fires that are burning on the surface of the earth would contribute 
very little towards warming it. 

Emily, The radiation of heat is not confi^jed to burning bodies ; 
for all bodies, you know, have that property ; therefore, not only 
every thing upon the surface of the earth, but the earth itself, must 
radiate heat ; and this terrestrial caloric, not having, I suppose, suf- 
ficient power to traverse the atmosphere, communicates heat to it.. 

Mrs, B. Your inference is extremely well drawn, Emily ; but the 
foundation on which it rests is not sound ; for the fact is, that ter- 
restrial or culinary heat, though it cannot pass through the denser 
transparent mediums, such as glass, or water, without loss, travers- 
es the atmosphere completely ; so that all the heat which the earth 

218. What is culinary boat? 

219. Why does fire heat glass, when the sun does not ? 

220. To what experiment is allusion here made iUustrative of this 
subject ? 



31 aieefii ^vi!^ cLEMfls^ cr »T frRiKB bod^ to b^ 

?c SM zasaa,??. :asKs iz^ zbe '^■giw recacos of tke GBirene. 

'Ctn^w. Wli-ii 1 ;irr tho: so sdc^ bnc s&odd be wasted! 

ACrr. B. B^-roir* tcc it? ^ecu^fied &> ooSecc » aar law of mtore, 
rrf »« wiKth^r :* nLij zrx rr«5^ :» be ooe «f lie Baabeiless dtqieii- 
e3.:rjas of Prr^-rjiizr^ for «Mzr zood. Ii all cae kea: which the ^ith 
has r^r^rreti £7:01 'sue sin sLxe tae eeaaxi. bad been aecnmiilated 
Ir. h. its t^^tapeninr; a: this tzse. wvcSd bo docbt have been moie 
eL«rri:ai tbaa 1:17 h;zziaii beiue cixiid bare bocDe. 

Or^>.^?t?. I spck^. ia-ieed. Terr iaeoaaBdentelT. But, Mis. B., 
tho:i?h th« €2nk. It sorb a hizb tempczaCBze. mlsbt bare scorched 
o^ir feet, w? sh*: rd-i ilwars aaVe bad a coot rsfrcshm^ air to breathei 
slnc^ the ndia^c:: of the earth does hoc beat the axmosiibere. 

Kmzh. Tzfi n»! air would hare afibroed bet vezy insiifficieiit 
r^freshai^n:. whilst oar bodies were exjaaed so the baming radiar 
tioT <:f the <?arth. 

3/rf . B. Nor sho^ild we hsTe breathed a cool ab ; for tboo^ h is- 
tr::e thit h?^: i? zkh cooznzziioated to the atnKsphere by radiatioo, 
yet the air I^ wanaed by contact with heated bodies, in the same 
mar^c^r as solids or liquids. The stratcm of air which is immedi- 
ately i^ ccntact with the earth is heated by it : it becomes specific- 
all v U^rhter. and nses^ makic? war for another s tr a ium of air, which 
IS m its turn heated and carried upwards ; and thus each soccessive 
stratum of air is warmed by comia^ in contact with the earth. Ypa 
may perceiTe this efl^ct in a sultry day. if yon attentively observe 
the' strata of air near the snr&ce of the earth : they appear in con- 
stant agitation : for though it is true the air itself is invisible, vet 
the son shinin? on the vapors fioating in it, render them visible, like 
the amber dust in the water. The temperature of the surface of 
the earth is therefore the source from whence the atmosphere de- 
rives its heat, though it is communicated neither by radiation, nor 
transmitted from one particle of it to another by the conducting 
power; but every particle of air must come in contact with the 
earth in order to receive heat from it. 

Emily. Wind, then, by agitating the air. should contribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth ? and yet 
in ^^eneral wind feels cooler than still air. 

Mrs. B. Because the agitation of the air carries off heat from the 
surface of our bodies more rapidly than still air, by occasioning a 
greater number of points of contact in a given time. 

• Every one has observed how oppressive the heat is on a foggy, 
or cloudy day in the smnmer. The moisture of the fog absorbs the 
heat which the earth radiates, and throws it back upon the earth 
again, and upon us. — C. 

221. What becomes of the heat which the earth radiates? 

222. What would be the effect if all the heat which the earth has re 
oeived from the lun, since the creation, had been accomulated in it? 

223. Why in gammer, is it particularly hot in ckmdy, or foggy 
weather .' 

224. Hmoistk€airhMied,ifiMm9kasUmandtiftkeTm^^tk$ 
minpasnng through it f 

fan. Why is the wind coolini^ to oar bodies' 
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Endhf. Since it is firom the earth, and n6t the sun, that the at- 
mosphere receives its heat, I no longer wonder that elevated regions 
should he colder than plains and valleys. It was always a subject 
of astonishment to me, that in ascending a mountain and approach- 
ing the sun, the air became colder instead of being more heated. 

Mrs, B. At the distance of about a hundred millions of miles, 
which we are from the sun, the approach of a few thousand feet 
makes no sensible difference, whilst it produces a very considerable 
effect with regard to the warming of the atmosphere at the surface 
of the earth. 

Caroline, Yet as the warm air arises from the earth, and the cold 
air descends to it, I should have supposed that heat would have ac- 
cumulated in the upper regions of the atmosphere, and that we 
should have felt the air warmer as we ascended. 

Mrs. B. The atmosphere you know, diminishes in density, and 
consequently in weight, as it is more distant from the earth ; the 
warm air, therefore, rises only till it meets with a stratum of air of 
its own density; and it will not ascend into the upper 'regions of the 
atmosphere until all the parts beneath have been previouslyJieated. 
The length of summer, even in warm climates, does not heat the air 
sufficiently to melt the snow which has accumulated during the win- 



Fig. 6. 
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Boiling water in a flaak over .i i ' ^ 

a patent lamp. the chmmey fire. 



ter on very high mountains, although they 
are almost constantly exposed to the heat 
of the sun's rays, being too much elevated 
to be often enveloped in clouds. 

Emily, These explanations are very safr- 
isfactojry ; but allow me to ask you one more 
question respecting the increased levity of 
heated liquids. You said that when water 
was heated over the fire, the particles at the 
bottom of the vessel ascended as soon as 
heated, in consequence of their specific 
levity; why does not the same eflfect con- 
tinue when the water boils and is converted 
into steam? and why does the steam arise 
from the surface instead of the bottom of 
the liquid ? 

Mrs, B, The steam or vapour does as- 
cend from the bottom, though it seems to 
arise from the surface of the liquid. We 
shall boil some water in this Florence flask, 
(Fi^. 6.) in order that you may be well ac- 
quainted with the process of ebullition ; you 
will then see through the glass, that the va- 
por rises in bubbles from the bottom. We 
shall make it boil by means of a lamp, which 
is more convenient for this purpose than 



226. Why is it colder on high hills and mountains than it is in val- 
leys, since the former are nearer the sun than the latter, and since, al- 
so, it is the nature of the air to rise as it becomes wanned ? 

227. What illustration is mentioned to show that the air is not 
heated by the sun*s rays passing through it ? 

fi^ Does water boJ from the top, or from the bottom of ^ ^^^imI^ 

6 
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Emily, I tsee some small babbles ascend, and a ^preat many appear 
all over the inside of the flask ; does the water begm to boil already? 

Mrs. B, No ; what you now see are babbles of air, which were 
either dissolved in the water, or attached to the inner sqt&m^ of 
the flask, and which, being rarefied by the heat, ascend in the water. 

Emily. But the heat which rarefies the air inclosed in the water 
must rarefy the water at the same time ; therefore, if it could remain 
stationary in the water when both were cold, I do not understand 
why it should not when both are equally heated. 

Mrs. B. Air being much less dense than water, is more eaaly 
rarefied ; the former, therefore, expands to a great extent, whilst 
the latter continues to occupy nearly the same space ; for the wa- 
ter dilates comparatively but very little without changing its state 
and becoming vapour. Now that the water in the flask begins to 
boil, observe what large bubbles rise from the bottom of it. 

Emily. I see them perfectly ; but I wonder that they have suffi- 
cient power to force themselves through the water. 

Caroline. They mrist rise, you know, from their specific levity. 

Mrs. B. You are right, Caroline, but vapor has not in all li- 
quids (when brought to the degree of vaporization) the power of 
overcoming the pressure of the less heated surface. Metals, for in- 
stance, mercury excepted, evaporate only from the surface ; there- 
fore no vapour will ascend from them till the degree of heat which 
is necessary to form it has reached the surface ; that is to say, till 
the whole of the liquid is brought to a state of ebullition. 

Emily. I have observed that steam, immediately issuing from the 
spout of a tea kettle, is less visible than at a further distance from 
it, yet it must be more dense when it first evaporates, than when it 
begins to diffuse itself in the air. 

Mrs. B. When the steam is first formed, it is so perfectly dissolv- 
ed by caloric, as to be invisible. In order, however, to understand 
this, it will be necessary for me to enter into some explanation re- 
specting the nature of solution. Solution takes place whenever a 
body is melted in a fluid. In this operation the body is reduced 
to such a minute state of division by the fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided 
into its integrant panicles by the fluid into which it is melted. 

Caroline. It is then a mode of destroying the attraction of aggre- 
gation. 

Mrs. B. Undoubtedly — the two principal solvent fluids are wa- 
ter and caloric. You may have observed that if you melt salt in wa- 
ter it totally disappears, and tlie water remains clear and transpa- 
rent as before ; yet though the union of these bodies appears sa 
perfect, it is not produced by any chemical combination ; both the 

229. What causes those bubbles which ascend, and those which 
gather on the inside of a vessel when water is heating r 

230. Why is air more easily rarefied than water ? 

231. When water begins to boil why do large bubbles rise from the 
bottom ? 

232. Has vapour always the power of overcoming the pressure of 
the less heated surface .' 

233. What substances evaporate only from the surface ? 

234. When does solution take place ? 

235. What are the two principal solvent fluids ? 
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salt and the water remain unchanged ; and if yon were to separate 
them by- evapoiating the latter, you would find the salt in the same 
state as before. 

Emily. I suppose that water is a solvent for solid bodies, and ca- 
loric for liquids. 

Mrs. B. Liquids, of course, can only be converted into vapour by 
caloric. But the solvent power of this agent is not at all confined 
to that class of bodies ; a ?reat variety of solid subs^nces are dis- 
solved by heat ; thus metjus, which are insoluble in water, can be 
dissolved by intense heat, being first fused or converted into a liquid 
and then rarefied into an invisible vapour. Many other bodies, such 
as salt, ^ums, ^c. yield to either of these solvents. 

Caroline. And that, no doubt, is the reason why hot water will 
melt them so much better than cold water. 

Mrs. B. It is so. Caloric may, indeed, be considered as having 
in every instance, some share in the solution of a body by water, 
since water, however low its temperature may be, always contains 
more or less caloric. 

Emily. Then, perhaps, water owes its solvent power merely to 
the caloric contained in it. 

Mrs. B. That, probably, would be carrying the speculation too 
far ; I should rather think that water and caloric unite their efi[brts 
to dissolve a body, and that the difficulty or facility of eflfecting this, 
depend both on the degree of attraction of aggregation to be over- 
come, and on the arrangement of the particles which are more or 
less disposed to be divided and penetrated by the solvent. 

Emihf. But have not all liquids the same solvent power as water ? 

Mrs. B. The solvent power of other liquids vanes according to 
their nature, and that of the substances submitted to their action. — 
Most of these solvents, indeed, diff*er essentially fi*om water, as they 
do not merely separate the integrant particles of the bodies which 
they dissolve, but attack their constituent principles by the power 
of chemical attraction, thus producing a true decomposition. These 
more complicated operations we must consider in another place, 
and confine our attention at present to the solutions by water and 
caloric. 

Caroline. But there are a variety of substances which, when dis- 
solved in water, make it thick and muddy, and destroy its transpa- 
rency. 

Mrs. B. In this case, it is not a solution, but simply a mixture. 
I shall show you the difference between a solution and a mixture, 
by putting some common salt into one glass of water, and some pow- 
der of chalk into another; both these substances are white, but their 
effect on the water will be very different. 

Caroline. Very different, indeed ! The salt entirely disappears 

236. After salt has been dissolved in water, can thejr be separated 
BO as to have the salt in tlie same stale as before it was dissolved ? 
By what means ? 

%M . Has caloric any infaionro in the sohition of a body by water ? 

2.38. Oil what does the difficulty or facility of dissolving bodies de- 
pend^ 

2)V.). Flp.ve nil 1inn-Ws the snn:e solvent power as water .' 

£40. Mmv do tiK^sie solvents differ from water? 

241. Wliut \-i the difftii :ice between a solution and & mULt'OXft^ 
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and leave the ^ater transpaient, whilst the chalk changes h into an 
opaque liquid like milk. 

Emily. And would lumps of chalk and salt produce similar efifects 
on water ? 

Mrs, B. Yes, but not so rapidly : salt is, indeed, soon melted, 
though in a lump : but chalk, which does not mix so readily with 
\«'ater would require a much greater length of time ; I therefore 
preferred showing vou the experiment with both substances reduced 
to powder, which does not in any respect alter their nature, but &• 
cilitates the operation merely by presenting a greater quantity of 
surface to the water. 

I must not forget to mention a very curious circumstance respect- 
ing solution, which is, that a fluid is not nearly so much increased 
in bulk by holding a body in solution, as it would be, by mere mix- 
ture with the body ? 

Caroline, How is that possible ? for two bodies cannot exist to- 
gether in the same space. 

Mrs. B. Two bodies may, by condensation, occupy less space 
when in union than when separate, and this I can show you by an 
easy experiment. 

This phial which contains some salt, I shall fill with water, pour- 
ing it in quickly, so as not to dissolve much of the salt ; and when 
it IS quite full I cork it. If I now ^ake the phial till the salt is dis- 
solved, you will observe that it is no longer full. 

Caroline, I shall try to add a little more salt. But now you see, 
l^lrs. B., the water runs over. 

Mrs. B. Yes ; but observe that the last quantity of salt you put 
in remains solid at the bottom and displaces the water ; for it has 
already melted all the salt it is capable of holding in solution. This 
is called the point of saturation ; and the water in this case is said 
to be saturated with salt. 

Emily. I think I now understand the solution of a solid body by 
water perfectly ; but I have not so clear an idea of the solution of a 
liquid by caloric. 

Mrs. B. It is probably of a similar nature ; but as caloric is an 
invisible fluid, its action as a solvent is not so obvious as that of wa- 
ter. Caloric, we may conceive, dissolves water and converts it in- 
to vapour by the same process as water dissolves salt ; tha't is to say, 
the particles of water are so minutely divided by the caloric as tc 
become invisible. Thus, you are now enabled to understand why 
the vai)our of boiling water, when it first issues from the spout of a 
kettle is invisible : it is so, because it is then completely dissolved 
by caloric. But the air with which it comes in contact, bein^ 
much colder than the vapour, the latter yields to it a quantity of 
its caloric. The panicles of vapour being thus in a good measure 
deprived of their solvent, gradually collect, and become visible in 
the form of steam, which is water in a state of imperfect solution: 
and if you were further to deprive it of its caloric, it would return 
to its original liquid state. 

242. Are fluids equally increased in bulk by the solution and the 
mixture of a solid ? 

243. What expenment proves that they are not ? 

244. When is a solvent saturated .' 

245. Why is vapour less vbible on first rising from a liquid, than af< 
terhttving ascended a distance from it ? 
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Caroline, That I understand very well. If you hold a gold plate 
over a tea-um, the steam issuing from it will be immediately con- 
verted into drops of water by parting with its caloric to the plate ; 
but in what state is the steam when it becomes invisible by being 
diffused in air ? 

Mrs. B. It is not merely diflused, but is again dissolved by the air. 

Emily. The air, then, has a solvent power, like water and caloric ? 

Mrs. B. This was formerly believed to be the case. But it ap- 
pears from more recent enquiries that the solvent power of the at- 
mosphere depends s(jlely upon the caloric contained m it. Sometimes 
the watery vapor diflused in the atmosphere is but imperfectly dis- 
solved, as is the case in the formation of clouds and fogs ; but if it 
gets into a region sufficiently warm, it becomes perfectly invisible. 

fEamily. Can any water be dissolved in the atmosphere without 
having been previously converted into vapour by boiling ? 

Mrs. B. Unquestionably ; and this constitutes the difierence be- 
tween vaporization and evaporation. Water, when heated to the 
boiling point, can no longer exist in the form of water, and must 
necessanly be converted into vapour or steam, whatever may be 
the state and temperature of the surrounding medium ; this is called 
vaporization. But the atmosphere, by means of the caloric it con- 
tains, can take up a certain portion of water at any temperature, 
and hold it in a state of solution. This is simply evaporation. Thus 
the atmosphere is continually carrying off moisture from the sur- 
face of the earth, until it is saturated with it. 

Caroline. This is the caSe, no doubt, when we feel the atmosphere 
damp. 

Mrs. B. On the contrary, when the moisture is well dissolved it 
occasions no humidity ; it is only when in a state of imperfect solu- 
tion and floating in the atmosphere, in the form of watery vapour, 
that it produces dampness. This happens more frequently in win- 
ter than in summer ; for the lower the temperature of the atmos- 
phere, the less water it can dissolve ; and in reality it never con- 
tslins so much moisture as in a dry, hot, summer's day. 

Caroline. You astonish me; but why, then, is the air so dry in 
frosty weather, when its temperature is at the lowest ? 

Emily. This, I conjecture, proceeds not so much from the mois- 
ture being dissolved, as from its being frozen ;* is not that the case ? 

Mrs. S. It is ; and the freezing of the watery vapor which the 

* In cold climates, where there is not a cloud to be seen, and the 
sun rises in all his glory, the air is sometimes full of little particles 
of ice glistening in every direction, and forming a most beautiiiil 
spectacle. This is owing to the condensation, and freezing of the 
particles of water in the air, by the intense cold.— C. 

246. Upon what does tlie solvent power of the atmosphere depend ? 

247. What causes fo^s ^ 

248. What is the dif^rence between vaporation and evaporization i 

249. Why does the atmosphere sometimes feel damp.** 

250. When does the atmosphere contain most moisture, in summer 
or winter. 

251. Why is the air so dry in frosty weather f 
252 HbW is frost produced. 
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atmospheric heat could not dissolve, produoes what is called a boat 
frost ; for the particles descend in freezing, and attach themadves 
to whatever they meet with on the surface of the earth. 

The tendency of free caloric to an equilibrium, together with its 
solvent power, are likewise connected with the phenomena of lain, 
of dew, &c. When most air of a certain tem^rature happens to 
pass through a cold region of the atmosphere, it parts with a por- 
tion of its heat to the surrounding air ; the quality of caloric, there- 
fore, which served to keep the water in a state of vapour, being di- 
minished, the watery particles approach each other, and form them- 
selves into drops of water, which, oeing heavier than the atmosphere 
descend to the earth. There are also other circumstances, ana pa^ 
ticularly the variation in the weight of the atmosphere, the changes 
which take place in its electricsS state, &c. which may contribute 
to the formation of rain. This, however, is an intricate subject, 
into which we cannot more fully enter at present. 

Emily, In what manner do you account for the formation of dew? 

Mrs, B. Dew is a deposition of watery particles or minute drops 
from the atmosphere, precipitated by the coolness of the evening. 

Caroline. This precipitation is owing, I suppose, to the coohng 
of the atmosphere, which prevents its retaining so great a quantity 
of watery vapour in solution as during the heat of the day. 

Mrs, B, Such was, from time immemorial, the generally received 
opinion respecting the cause of dew ; but it has been very recently 
proved by a course of ingenious experiments of Dr. Wells, that the 
deposition of dew is produced by the cooling of the surface of the 
earth, which he has shown to take place previously to the cooling 
of the atmosphere ; for on examining the temperature of a plot of 
grass just before the dew-fall, he iound that it was considerably 
colder than the air a few feet above it, from which the dew was 
shortly after precipitated ? 

Emily, But why should the earth cool in the evening sooner than 
the atmosphere ? 

Mrs. B. Because it parts with its heat more readily than the air; 
the earth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree. To- 
wards evenir)|^, therefore, when the solar heat declines, and when 
after sun-set it entirely ceases, the earth rapidly cools by radiating 
heat towards the skies ; whilst the air has no means of parting with 
its heat but by coming in contact with the cooled surface of the 
earth, to which it communicates its caloric. Its solvent power be- 
ing thus reduced, it is unable to retain so large a portion of watery 
vapour, and deposits those pearly drops whicn we call dew. 

Emily. If this be the cause of dew, we need not be apprehensive 
of receiving any injury from it ; for it can be deposited only on sur- 
faces that are colder thaii the atmosphere, which is never the case 
with, our bodies. 

Mrs, B. Very true ; yet I would not advise you for this reason to 

253. How 19 rain formed ? 

254. In what manner do we account for the formation of dew ? 
255.. To what is the precipitation owing that takes place in the pro- 
Auction of dew ? . 

256. Why does the earth cool sooner in the evening than -the at- 
mosphere? 
^, What ill efiectB may result from dew to health? 
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be too confident of escapinpp all the ill efiects which may arise from 
exposure to the dew ; .for it may be deposited on your clothes, and 
chill you afterwards by its evaporation from them. Besides, when- 
ever the dew is copious, there is a chill in the atmosphere which is 
not always safe to encounter. 

Caroline, Wind, then, should promote the deposition x)f dew, by 
bringing a more rapid succession of particles of air in contact with 
the earth, just as it promotes the cooling of the earth and warming ' 
of ^e atm(»phere during the heat of the day ? 

, Mrs. B, This may be me case in some degree, provided the agita- 
tion of the air be not considerable; for when the wind "is strong 
it is found that less dew is deposited than in calm weather, especial- 
ly if the atmosphere be loaded with clouds. These accumulations 
of moisture not only prevent the free radiation of the earth to- 
wards the upper regions, but themselves radiate towards the earth ; 
for which reasons much less dew is formed than on fine clear nights 
when the radiation of the earth passes without obstacle through the 
atmosphere to the distant regions of space, whence it receives no 
caloric in exchange. The dew continues to be deposited during the 
night, and is generally the most abundant towards morning when 
the contrast between the temperature of the earth, and that of the 
air is greatest. Afler sunrise the equilibrium of temperature be- 
tween those two bodies is gradually restored by the solar rays pass- 
ing freely through the atmosphere to the earth ; and later in the 
morning the temperature of the earth gains the ascendancy, and 
gives out caloric to the air by contact, in the same manner as it re- 
ceives it from the air during the night. 

Can you tell me, now, why a bottle of wine taken fresh fix)m the 
cellar (in summer particularly,) vidll soon be covered with dew ; 
and even the glasses into which the wine is poured will be mois- 
tened with a similar vapour ? 

Emity, The bottle being colder than the surrounding air, must 
absorb caloric from it; the moisture, therefore, which that air con- 
tained, becomes visible, and forms the dew which is deposited on 
die bottle. 

Mrs. B. Very well, Emily. Now Caroline, can you inform me 
why, in a w^rm room or close carriage, the contrary effect takes 
place ; that is to say, that the inside of the vdndows is covered with 
vapour ? 

Caroline, I have heard that it proceeds from the breath of those 
within the room or the carriage ; and I suppose it is occasioned by 
the windows which, being colder than the breath, deprive it of part 
of its caloric, and by this means convert it into watery vapour. 

Mrs, B, You have both explained it extremely well. Bodies at- 

258. When does wind promote the deposition of dew ? 

259. Why does more dew accumulate in a clear night than when 
it is cloudy ? 

260. When is the dew most abai\|jUint, and why is it then most 
abundant ? 

261. Why is a tumbler or bottle filled with cold water covered with 
moisture in a warm day ? f 

262. Why in a warm room or in a close carriage does moisture 
collect on the inside of the windows ? 

263. Why does less dew collect on rocks and sands, than en grass 
and vegetables ? 
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tract dew in proportion as thej are good radiators of caloric, as it ii» 
this quality which reduces their temperature below that of the at- 
mosphere ; hence we find that little or no dew is deposited on rocks, 
sancf, or water ; while grass and living vegetables, -to which it is so 
highly beneficial, attract it in abundance — ^another remarkable in- 
. stance of the wise and bountifiil dispensations of Providence. 

Emily. And we inay again observe it in the abundance of dew in 
summer, and in hot climates, when its cooling efifects are so much 
required; oat I do not understand what natural cause increases 
the dew in hot weather ? 

Mrs. B. The more caloric the earth receives during the day, the 
more it will radiate afterwards, and consequently the more rapidly 
its temperature will be reduced in the evening, in comparison to 
that of the atmosphere. In the West Indies especially, where the 
intense heat of the day is strongly contrasted with the coolness of 
the evening, the dew is prodigiously abundant. During a drought 
the dew is less plentiful, as the earth is not sufiSciently supplied with 
moisture to be able to saturate the atmosphere. 

Caroline. 1 have often observed, Mrs. B., that when I walk out 
in frosty weather, with a veil over myiace, my breath freezes upon 
it. Pray what is the reason of that ? 

Mrs. B. It is because the cold air immediately seizses on the calo- 
ric of your breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that [Settles on your veil,- 
and there it continues parting with its caloric till it is brought down 
to the temperature of the atmosphere, and assumes the form of ice. 

You may, perhaps, have observed that the breath of animals, or 
rather the moisture contained in it, is visible in damp weather, or 
during a frost. In the former case, the atmosphere being over satu« 
rated with moisture, can dissolve no more. In the latter, the col<i 
condenses it into visible vapor ; and for the same reason the steam 
arising from water that is warmer than the atmosphere, becomes 
visible. Have you never taken notice of the vapour rising from 
your hands after having dipped them into warm water ? 

Caroline. Frequently, especially in frosty weather. 

Mrs. B. We have already observed that pressure is an obstacle 
to evaporation : there are liquids which contain so gre^t a quantity 
of caloric, and whose particles consequently adhere so slightly to- 
gether, tliat they may be rapidly converted into vapour without any 
elevation of temperature, merely by taking oflf the weight of the at- 
mosphere. In such liquids you perceive, it is the pressure of the 
atmosphere alone that connects their particles, and keeps them in 
a liquid state. 

Caroline. I do not well understand why the particles of such flu- 
ids should be disunited and converted into vapour, without any ele- 
vation of temperature, in spite of the attraction of cohesion. 

Mrs. B. It is because the degree of heat at which we usually 



264. Why does more dew coflect in summer and in cold climates 
than in winter and warm climates } 

265. Why is there a small quantity of dew in a time of drought ? 

266. Why is the moisture contained in the breath of animals visi- 
ble in damp weather, or during a frost.? 

267. How are certain liquids, which contain a great degree of calo- 
ric, converted into vapour, without any increase o? temperature .? 
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obMTTe these flnidt is Bufficient to Dren»ine theii attractiaD of oo- ' 
faesion. Ether is of this description ; it wiil boil and be conveiled 
into vapoui, at the common tempeTatuTQ of the air, tf the preMuie 
of the atmosphere be taken off. 

Enafy. 1 thought that ether would ev^mrale without either the 
pressure of the atmosphere being taken awaji , or heal applied ; and 
that it waa for that reason so necessary to keep it caTeuuly corked 



up. 



. It is 



e it will evaporate, but without ebullition ; what 
I am now apeiking of is the va.pociza.tion of ether, or its conversion 
into vapour by boiling. 1 am going to show you how euddenly the 
■ ether in this phial will be converted into vapour, by means of the 
air pump. Observe with what rapidity the bubbles ascend, as I 
take US' the pressure of the atmosphere. 

Osvline. It positively boils i how singular, to see a liquid boil 
without heat! 

Mri. B. Now I shall Fig, 7. 
place the phial of Pnnonrti.: ft*^.. 
ether in this glass, 
which it nearly fille, 
80 as to leave onlv a 
small space, which I^' 
fill wiUi water : and 
in this state I put it 
agam under the re- 
ceiver.* You will 

obeerve, as I exhaust 
the air from it, that 
whilst the ether boils, 
the water freeies ! 

Caroline. It is in- 
deed wonderful to see 

tact with a boiling flu- ' 
id! 

Eimb/. I am at a 




. r ^ ^ 

the slate of vapour, ,j, pnip, a. Pht 

without an addition of ULnlni water. C 

caloric. Does it not Kihw, iha older in luo-.™- 

contain more caloric In a state of vapor, than in a state of liquidity 1 

* Two pieces of thinglass tubes, sealed at one end, might answer 
this purpose better, llie experiment, however, as here described, 
is difficult, and requires a very nice apparatuSr But if, instead of 
phials or tubes, two walch glasses be used, water may be foraen al- 
most instantly in the same manner. Jbe two glasses were placed 
over one another, with a few dropsTr water mterposed between 
them, and the uppermost glass is hlled with ether. After working the 

S6B. How can ether be made to bcol without the applicatioc of ca- 

969. How is the eiperimenl made ? 
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Mrs, B, It certainly does ; for though it is the pressure of thest- 
mosphere which condenses it into a Oqaid, it is by forcing oat thp 
caloric that belongs to it when in an aenform state. 

Emily. You have therefore, two difficulties to explain, Mrs. B. 
First, whence the ether obtains the caloric necessary to eonv^ ii 
into vapour, when it is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water in which the bot- 
tle of ether stands, is frozen ? 

Caroline, Now, I thiak I can answer both these questions. The 
ether obtains the addition of caloric required, from tne water in the 
glass ; and the loss of the caloric which the latter sustains, is the oc- 
casion of its freezing. 

Mrs, B, You are perfectly right ; and if you look at the ther- 
mometer which I have placed in the water, wmlst I am working the 
pump, you will see that every time bubbles of vapour are produ- 
ced, the mercury descends ; which proves that the heat of the wa- 
ter diminishes in proportion as the ether boDs. 

Emily. This I understand now very well ; but if the water freezes 
in consequence of yielding its caloric to the ether, the equihbrimn 
of heat must in this case hS totally destroyed. Yet you have told 
us, that the exchange of caloric between two bodies of equal tem- 
perature, was always equal ; how, then, is it that the water, which 
was originally of the same temperature as the ether, gives out ca- 
loric to it, till the water is frozen and the ether made to boil ? 

Mrs. B, I suspected that you would make these objections ; and 
in order to remove them, I enclosed two thermometers in the air- 
pump ; one of which stands in the glass of water, the other in the 
phial of ether ; and you may see that the equilibrium of tempe^ 
ature is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in the same manner ; so that both ther- 
mometers indicate the same temperature, though one of them is in 
a boiling, the other in a freezing liquid. 

Emily. The ether, then, becomes colder as it boils ! This is so 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. 

Caroline. It is, indeed, a most extraordinary circumstance. But 
pray how do you account for it ? 

Mrs. B. I cannot satisfy your curiosity at present ; for before we 
can attempt to explain this apparent paradox, it is necessary to 
become acquainted with the subject of latejjt heat, and that, I 
think, we must defer till our next interview. 

Caroline. I believe, Mrs. B. that you are glad to put ofiTthe ex- 
planation ; for it must be a very diificult point to account for. 

Mrs. B, I hope, however, that 1 shall do it to your complete sat- 
isfaction. 

Emily. But before we part, give me leave to ask you one ques- 

pump for a minute or two, |k|p glasses are found to adhere stronglj 
together, and a thin layer ofice is seen between them. 

270. In what state does ether exist when the pressure of the atmos- 
phere is taken off ? 

271. Why does the evaporation of ether freeze water ? 

' 272. What experiment is made with water and ether, and two ther 
momeieTs ^ 
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aon. Would not water, as well as ethei boil with lOSS heat, if de- 
prived of the pressure of the atmosphere . 

Mrs, B, Undoubtedly. You must always recollect that there 
are two forces to overcome, in order to make a liquid boil or evap- 
orate ; the attraction of aggregation, and the weight of the atmos- 
phere. On the summit of a high mountain (as M. De Saussure as- 
certained on Mount Blanc,) much less heat is required to make 
water boil, than in the plain w^here the weight of the atmosphere is 
greater.* Indeed, if the weight of the atmosphere be entirely re- 
moved by means of a good air pump, and if water be placed in the 
exhausted receiver, it will evaporate so fast, however cold it may 
be, as to give it the appearance of boiling from the surface. But 
witliout the assistance of the air pump, I can show you a very pret- 
ty experiment, which proves the effect of the pressure of the at- 
mosphere in this respect. 

Observe that this Florence flask is about half full of water, arfd 
the upper half of invisible vapour, the water being in the act of boil- 
ing. I take it from the lamp, and cork it carefuUy — ^the water, you 
see, immediately ceases boiling. I shall now dip the flask into a 
basin of cold water, f 

Caroline, But look, Mrs. B., the water begins to boil again, al- 
though the cold water must rob it more and more of its caloric ! 
What can be the reason of that ? 

Mrs. B. Let us examine its temperature. You see the ther- 
mometer immersed in it remains stationary at 180 degrees which is 
about 30 degrees below the boiling point. When I took the flask 
from the lamp, I observed to you that the upper part of it was filled 
with vapour ; this being compelled to yield its caloric, to the cold 
water, was again condensed into water. What then filled the up- 
perpart of the flask ? 

Emily. Nothing ; for it was too well cOrked for the air to gain 
admittance, and therefore, the upper part of the flask must be a 
vacuum. 

Mrs. B. The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a much 
lower temperature. Tims you see, though it had lost many degrees 
of heat, it began boiling again the instant the vacuum was formed 
above it. The boiling has now ceased, the temperature of the water 

* On the top of Mount Blanc, water boiled, when heated only to 
188 degrees, instead of 212. 

f The same effect may be produced by vnrapping.a cold wet lin- 
en cloth round the upper part of the flask. In order to show you 
how much the water cools whilst it is boiling, a thermometer grad- 
uated on the tube itself, may be introduced into the bottle through 
the cork. — C. 

273. What two forces are to be overcome in order to make a liquid 
boil or evaporate ? 9 

274. Why does it require the application of less caloric to boil water 
on a high mountain than on low land ? 

275. What is the appearance of water when placed in an exhausted 
receiver ? 

276. What experiment is mentioned to show how the boiling of U«k 
quids is effected oy atmospherical pressure ? 
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beinff stOl farther reduced ; if it had been ether instead of waler, it 
would have continued boiling much longer, for ether boils under 
tiie usual atmospheric pressure, at a temperature as low as 100 de- 
grees ; and in a vacuum it boils at almost any temperature ; but 
water being a more dense fluid, requires a more considerable quan- 
tity of caloric to make it evaporate quickly, even when the pres* 
sore of the atmosphere is removed. 

Emily, What proportion of vapour can the atmosphere contain in 
a state of solution. 

Mrs, B, I do not know whether it has been exactly ascertained 
by experiment ; but at any rate this -proportion must vary, accoid- 
ing to the temperature of the atmosphere ; for the lower the tem- 
perature, the smaller must be the proportion of vapor that the at- 
mosphere can contain. 

To conclude the subject of free caloric, I should mention Iffnttion, 
by which is meant that emission of light which is producea in bod 
ies at a very high temperature, and which is the efiect of accumu- 
lated caloric. 

Emily. You mean, I suppose, that light which is produced by a 
burning body. 

Mrs. B. No ; ignition is quite independent of combustion. — 
Clay, chalk, and indeed all incombustible substances may be made 
red hot. When a body bums, the light emitted is the eSecX oif a 
chemical change which takes place, whilst ignition is the efiect of 
caloric alone, and no other change than that of temperature is pro- 
duced in the ignited body. 

All solid bodies, and most liquids, -are susceptible of ignition, or 
in other words, of being heated so as to become luminous ; and it is 
remarkable that this takes place pretty nearly at the same temper- 
ature in all bodies, that is, at about 800 degrees of Fahrenheit's scale. 

EmUy, But how can liquids attain so high a temperature, with- 
out beinff converted into vapour ? 

Mrs, B, By means of confinement and pressure. Water confi- 
ned in a strong iron vessel (called Papin's digester,) can have its 
temperature raised to upwards of 400 degrees. Sir James Hall has 
made some very curious experiments on the effect of heat assisted 
by pressure ; by means of strong gun barrels he succeeded in melt- 
ing a variety of substances wluch were considered as infusible ; 
and it is not unlikely that, by similar methods, water itself might be 
heated to redness. 

Emily, I am surprised at that ; for 1 thought that the force of 
steam was such as to destroy almost all mechanical resistance. 

Mrs. B, The expansive torce of steam is prodigious ; but in or- 
der to subject water to such a high temperature, it is prevented by 
confinement from being converted into steam, and the expansion of 



277. What proportion of vapor can the atmosphere contain in a 
state of solution ? 
378. What is meant by igniti4f? 

279. How. does ignition vary from combustion? 

280. Are liquids susceptible of Ij^tion ? 

281. At what temperature does ignition take place? 

282. How can they attain so high a temperature without beinff eon* 
verted into vapour ? 

233. What experiments were made by Sir James Hall ' 
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healed water is comparatively triflings . Bat we hare dwelt io lonff 
on the subject of free caloric, that we must reserve the otlmr modi- 
fications or that agent to our next meeting, -when we shall mideavor 
to proceed more rapidly. 



CONVERSATION IV. 

Olf COMBINED CALOEIC, COMFREHENDINO SPECtFlO AND LATEVT 

HEAT. ' 

Mrs* B, We are now to examine the other modifications of ca- 
loric. 

Caroline, I am very curious to know of what nature they can 
be ; for I have no notion of any kind of heat that iff not perceptible 
to the senses. 

Mrs, B* In order to enable you to understand them, it will bo 
necessary to enter into some previous explanations. 

It has been discovered by modem chemists, that bodies of a dif> 
ferent nature, heated to the same temperature, do not contain the 
same quantity of caloric. 

Caroline. How could that be ascertained ? Have you not told us 
that it is impossible to discover the absolute quantity of calorie 
which bodies contain ? 

Mrs. B. True ; bat at the same time I said that we were enabled 
to form a judgment of the proportion which bodies have to each oUi- 
erln this respect. True, it is found that, in order to raise the tem- 
perature of oiiferent bodies the same number of degrees, different 
quantities of caloric are required for each of them. K for instance, 
you place a pound of lead, a pound of chalk, and a pound of milk, 
m a hot oven, they will be gradually heated to the temperature of 
the oven ; but the lead will attain it first, the chalk next, and the 
milk last* 

Caroline^ That is a natural consequence of their difierent bulks ; 
the lead being the smallest body, will be heated soonest, and the 
milk, which is the largest, will require the longest time. 

Mrs, B^ lliat explanation will not do ; for if the lead be the 
least in bulk, it offers also the least surface to the caloric, the quan- 
tity of heat therefore, which can enter into it in the same space of 
time is proportionally smaller. 

Em^. Why, then, do not the three bodies attain the tempera- 
ture of the oven at the same time? 

Mrs, B. It is supposed to be <m aecount of the different eapaei- 
tiee of these bodies for calcmc. 

Caroline, What do you mean by the capacify of a body for ear 
loric? * 

284. Po bodies of a different nature heated to the same tempen- 
torp contain equal quantities of caloric ? 

S85. What facts illastiative of th» case are mentioned of lead, 
ohalk and milk ? 

7 
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Let IB pss as iin£T BaufalB im this flfts as h wiD eontam, and 
poor sand oTcr iM im* y t tii e bow the saod pcncCiates and lodg- 
es bc feeu them. We shaD maw ill anothfr glass with pebUcs 
of Tazioos ftssBs — joa see that ther anaage thnnselTes in a more 
eoo^act maoiier dun the inaz*iieB. viuch beiag globalar, can tooch 
euh other bra szAslepoafts^. The pebbles, theiefiire, will not 
admit so mndi sanMl U e f eea them: and eonseqaentlr one of these 
glasses will neceasazihr eootain mcue sand than the other, though 
both of them be erallT AilL 

Camiate. This 1 nndeESand peifecdr. Hie mazUes and the 
pebUes represent two bodies of dideient kinds, and the sand, the 
calone contained in them: and it ap y eais Terr plain firom this oom- 
paiison. that one bodj maj admit of more catone between its par- 
ticles than another. 

Mrs.B. Too can no loneer be snipnsed, theiefine, that bodies of 
a difiereat ca^iacitT lor caknir shouM reqoize different proportioos 
of dot floid to lane their teoqieiatnies eniually. 

Emibf. But I do not um t eite whr the boidj that contains the 
most caknie shonld not be of the highest tempentoie : that is to 
aar. feel hot in prop o rti on to the qnantitT of calonc it contains. 

'Mrs. B. Hie cafnic that is emj^Tod in fillmg the capacity of a 
body is not free caloric ; bnt is impnaoned as it were, in the body, 
and is therefore -impemptible : lor we can feel only the calonc 
idiich the body pans with, and not that which it retains. 

Caarolme. It'appeais to me tctt extxaordinair, that heat dioiikl 
be confined in a body in such a manner as to beimperoeptible. 

Mrs. B. If yon laj toot hand on a hot body, yon Ibel only UM 
calorie iriiich feares &,'aiid enters 3roar hand ; ftt- it is impoesiUs 
that yon should be sensiUectf that ^diich remains in the budy. The 
thermometer in the same manner, is aflfected only by the free calor- 
ic which a body transmits to it, and not at all by tlml which it does 
not part with. 

Caroline. I begin to undeistand it ; but I confess that the idea 'of 
insensible heat is so new and strange to me, that it requires some 
time to render it familiar. 

Mrs. B. Call it insensible caloric, and the difficulty will i4>pear 
much less formidable. It is indeed a sort oi contradiction to call it 
heat, when it is so ntuated as to be incapable of producing that sen- 
sation. Tet this modification of caloric is ocMnnKmly callM spscir- 

IC HKAT. 

Caroline. But it certainly would have been more correct to hsre 
called it specific caloric. 

286. What is to be understood by the capacity of a body fer calorio' 

287. How u this fact explained ? 

288. Why do not bodies that contain most caloric feel hot in pfo^ 
portion to the quantity of caloric they contain ? 

289. When a body transmits caloric to a thermometer, is the ther- 
mometer affected by what remains in the body ? 

290. What is the imperceptible heat iriiich bodies contain called? 
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Emibf. I do not understand how the term specific applies to this 
modification of caloric. 

Mrs, B, It expresses the relative quantity of caloric which dif- 
ferent species of bodies of the same weight and temperature are ca- 
oable of containing. This modification is idso fiequently called 
neat of caj^aeity, a term perhaps preferable, as it expLadns better its 
own meaning. 

You now understand, I suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the oven ? 

Dnufy. Yes ; the milk and the chalk having a greater capacity for 
daloric than the lead, a greater proportion of that fluid became in- 
sensible in those bodies; and me more slowly, therefore, their 
temperature was raised. 

Garolinef But might tiot this difference proceed from the di^r- 
ent conducting powers of heat in these three bodies, since that 
which is the best conductor must necessarily attain the temperature 
of the oven first ? 

Mrs. B. Verjr well observed, Caroline. This objection would be 
insurmountable if we could not, by reversing the experiment, prove 
that the milk, the chalk, and the lead actually absorbed different 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely from their difierent conducting 
powers, they would each have acquired an equal quantity of calorie. 

Carolirvei Certainly. But how can you reverse the experiment ? 

Mrs.B, It may be done by cooling the several bcraies to the 
same degree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if you plunge them into three 
eq^ quantities of water, each at the same temperature, you will 
be able to judge of the relative quantity of calonc which the three 
bodies contained, by that, which, in cooling, they communicated to 
their respective portions of water \ for the same quantity of caloric 
which they each absorbed to raise their temperature, "wiSi abandon 
them in lowering it ; and, on examining the three vessels of water, 
you will find the one in which you immersed the lead to be the 
least heated ; that which held the chalk will be the next ; and that 
which contained the mUk will be heated the most of all. The cel- 
ebrated Lavoisier has invented a machine to estimate, upon this 
finciple, the specific heat of bodies in a more perfect manner ; but 
cannot explain it to you, till you are acquainted with the next 
modification of caloric. 

EmUy, The more dense a body is, I suppose, the less is its capa- 
city for caloric ? 

Mrs. B. This is not always the case with bodies of different na- 
ture ; iron, for instance, contains more specific heat than tin, though 
it is more dense. This seems to show that specific heat does not 
merely depend upon the interstices between the particles; but 

291. Do aU bodies of equal weight contain the same capacitji for 
caloric ? 

292. How is the experiment of the heated lead, chalk, and milk ex- 
plained .'^ 

293. How can we ascertain the capacity of a body for caloric f 

294. On what is the capacity of caloric chiefly depending^ 
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probably, alao apon some peculiar coiiBtitati(m of the bodies, which 
we do not comprehend. 

Emify. But, Mfis. B., it would appear to me more proper to com- 
pare booies by measure, rather than by weight, in order to estimate 
their specific heat. Why, for instance, should we not compare pints 
q( milk, of chalk, and of lead, rather than pounds of those snbstaih 
ces ; for equal weights may be composed of yery different quanti- 
ties. • 

Mrs, B, You are mistaken my dear ; equal weights most contain 
equal quantities of matter ; and when we wish to know what is the 
relative quantity of caloric, which substances of yarious kinds are 
eapable of containing under the same temperature, we must eom- 
pare equal weights, and not equal bulks of those substances. Bod- 
ies of the same weight may undoubtedly be of yery different di- 
mensions ; but this does not change their real quantity of matter. 
A pound of feathers does not contain one atom more than a pound of 
lea!d. 

Caroline, I have another difficulty to proi>ose. It appears to me 
that if the temperature of the three bodies in the oven did not lise 
equally, they would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, pe^ 
haps, be boiling before me others had attained the temperature of 
the oven. I think you might as weU say that in the course of time, 
you and I shall be of the same age. 

Mrs, B. Your comparison is not correct, Caroline. As soon as 
the lead reached the temperature of the oven, it would remain sta- 
tionary ; for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiating heat*, between 
two bodies of equal temperature, is equal ; it would be impossible, 
therefore, for the lead to accumulate heat after having attained the 
temperature of the oven, and that of the chalk and milk, therefore, 
would ultimately arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep my advantage over you. 

Emily, I think that I have found a comparison for specific heat, 
which is very applicable. Suppose that two men of equal weight 
and bulk, but who require difierent quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry ; the one would 
consume a much greater quantity of provisions than the other, in 
order to be equally satisfied. 

Mrs. B, Yes, that is very fair ; for the quantity of food necessa- 
ry to satisfy their respective appetites, varies in the same manner 
as the quantity of caloric requisite, to raise equally the temperatojv 
of difierent bodies. 

Emily, The thermometer then, afibrds no indication of the spe- 
cific heat of bodies. 

Mrs, B, None at all ; no more than satiety is a test of the quan- 
tity of food eaten. The thermometer, as I have repeatedly said, can 
-*■ ■ ■ ■ 

295. Why are not bodies compared by measure rather than weight 
to estimate their specific heat? 

29(5. If difierent bodies have difierent capacities for caloric, why do 
they not rise to difierent temperatures in the same atmosphere ? 

xSn. Does the thermometer afibrd any indication of the specific beat 
of bodies ? 
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be afiected only by firee caloric which alone raises the tempeiatcue 
of bodies. 

But there is another mode of proving the existence of specific heat, 
which affi)rds a very satisfactory illustration of that modification. — 
Tliis, however, I did not enlarge upon before, as I thought it might 
ai^ar to you rather complicated If you mix two fluids of difierent 
temperatures, let us say the one at 50 degrees, and the other at 100 
degrees, of what temperature do you suppose the mixture will be ? 
Caroline. It will be, no doubt, the medium between the two, ^at 
is to say, 75 degrees. 

A&9. B. That will be the «ase if the two bodies happen to have 
the same (^acity for caloric ; but if not, a diflTerent result will be 
obtained. Thus for instance, if you mix together a pound of mercu- 
ry, heated at 50 degrees, and<a pound of water heated at 100 degrees, 
the temperature of the mixture, instead of being 75 degrees will be 
80 degrees ; so that the water will have lost onfy 12 degrees, whilst 
the mercury will have gained 38 degrees, from which you will con- 
dude, that the capacity of mercury for heat is less Iban that of water. 
Caroline, I wonder that the mercury should have so little speci- 
fic heat. Did we not see it was a much better conductor of heat 
than water ? 

Mrs. B. And it is precisely on that account that its specific heat 
IB less. For since the conductive power of bodies depends, as we 
have observed before, on their readiness to receive heat and part 
Math it, it is natural to expect that those bodies which are the worst 
conductors should absorb the most caloric before they are disposed 
to part with it to other bodies. But let us now proceed to latent heat. 
CaroUne, And pray, what kind of heat is that ? 
Mrs. B. It is another modification of combined caloric, whicl^is 
'so analogous to specific heat, that most chemists make no distino- 
tion between them ; but Mr. Pictet, in his Essay on Fire, has so 
clearly discriminated them, that I am induced to adopt his view of 
the subject. We therefore call latent heat that portion of insensible 
caloric which is employed in changing the state of bodies ; that is 
to say, in converting solids into liquids, or liquids into vapor.-— 
When a body changes its state from solid to liquid, or from liquid 
to vapor, its expansion occasions a sudden and considerable in- 
crease of capacity for heat, in consequence of which it immediately 
absorbs a quantity of caloric, which becomes fixed in the body it 
has transformed ; and as it is perfectly concealed from our senses, 
it haft obtained the name of kUerU heat. 

Carohne. I think it would be much more correct to call this mod- 
ification latent caloric instead of latent heat, since it does not ex- 
cite the sensation of heat. 

Mrs. B. This modification of heat was discovered and named by 
Dr. Black, long before the' French chemists introduced the term ca- 
loricj and we must not presume to change it, as it is still used by 

298. What other method is mentioned as proving the existence of 
specific heat f 

299. What will be the result as to temperature, if mercury heated 
at 50, and water heated at 100 degrees be mixed together } 

300. Why has mercury so little specific heat ? 

301. What is latent caloric ? 

302. What does the conversion of a solid to a liquid occaaiQut 

7* 
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much better chemists than ourselyes. Besides, yoa are not to sup- 
pose that the nature of heat is altered by being variously modified; 
ror if latent heat and specific heat do not excite the same sensations 
as free caloric, it is owing to their being in a state of confinement, 
which prevents them from acting upon oor organs; and conse- 
quently, as soon as they are extricated firom the tedy in whidi they 
are imprisoned, they return to their state of free caloric. 

Emily. But I do not yet clearly see in what respect latent heat 
differs nrom specific heat ; for they are both of them impriscmed and 
concealed in bodies. 

Mrs, ^YSpecific heat is that which is emplojred in filling the car 
pacity of a\ody for caloric, in the state in, which this body actually 
exists ; while latent heat is that which is employed only in afifectin^ 
a change of state ; that is, in converting bodies from a solid to a li- 
quid, or from a liquid to an aeriform state. But I think, that in a 
general point of view, both these modifications might be compie- 
hended under the name of heat of capacity,, as in both cases the ca- 
loric is equally engaged in filling the capacity of bodies. 

I shall now show yovL an experiment, which I hope wUl give yon 
a clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
chemical means, (which I cannot well explain to you at present,) 
to five or six degrees below the freezing point, as you will find in* 
dicated by the thermometer which is placed in it. We shall expose 
it to the heat of a lamp, and you will see the thermometer gradual- 
ly rise, till it reaches the freezing point. 

Emily, But there it stops, Mrs. B. , and yet the lamp bums justaa 
well as before. Why is not its heat communicated to the thermo- 
meter ? 

Caroline. And the snow begins to melt ; therefore it must be li- 
sing above the freezing point. 

Mrs. B. The heat no longer affects the thermometer, because it 
is wholly employed in converting the ice into water. As the ice 
melts, the caloric becomes latent in the new formed liquid, and 
therefore cannot raise its temperature ; and the thermometer will 
consequently remain stationary, till the whole of the ice be melted. 

Caroline. Because the conversion of the ice jnto water being 
completed, the caloric no longer becomes latent ; and therefore the 
heat which the water now receives raises its temperature, as you 
find the thermometer indicates. 

Emily. But I do not think that the thermometer rises so quickly 
in the water as it did in the ice, previous to its beginning to melt 
though the lamp bums equally well. 

303. What is the consequence if latent and specific heat are extri- 
cated from the body in which they are imprisoned ? 

304. What is the difference between specific heat and latent heat? 

305. Bv what name is it thought they may botli be called ? 

306a. why does not the thermometer rise in a warm room when 
its bulb is in a piece of ice f 

306. In what experiment may be seen the existence of latent heat ? 

307. Why does the thermometer begin to rise as soon as the ice is 
melted ? 
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Mrs, B. That is owing* to the diflferent s|>ecific beat of ioe and 
water. The capacity of water for caloric beings greater than that 
of ice, more heat is required to raise its temperature, and therefore 
the thermometer rises slower in the water than it did in the ice. 

JEmihf, True ; you said that a solid body always increased its ca- 
pacity for heat by becoming fluid, and this is an mstance of it. 

Mrs, B, Yes ; and the latent heat is that which is absorbed in 
consequence of the greater capacity which the water has for heat, 
in comparison to ice. n 

I must now tell you a curious calculation founded on that consi- 
deration. I have before observed to you that though the thermo- 
meter shows us the comparative warmth of bodies, and enables us 
to determine the same point at diflferent times and places, it gives 
us no idea of the absolute quantity of heat in anybody. We cadnot 
tell how low it ought to fsdl by the privation of all heat, but an at- 
tempt has been made to infer it in the following manner. It has 
been found by experiment, that the capacity of water for heat, 
when compared with that of ice, is as 10 to 9 ; so that, at the same 
temperature, ice contains one tenth of caloric less than water. By 
experiment, also, it is observed, that in order to melt ice, there must 
be added to it as much heat as would, if it did not melt it, raise its 
temperature 140 degrees.* This quantity of heat is, therefore, ab- 
sorbed, when the ice, by being converted into water, is made to 
contain one ninth more caloric than it did befoie. Therefore 140 
decrees is a ninth part of the heat contained in ice at 30 degrees ; 
and the point of zero, or the absolute privation of heat, must conse- 
quently be 1260 degrees, below 32 degrees, f 

This mode of investigating so curious a question is ingenious, but 
its correctness is not yet established by similar calculations for other 
bodies. The points of absolute cold, indicated by this method in va- 
rious bodies, are very remote from each other ; it is however, possi- 
ble, that this may arise from some imperfection in the experiments. 

Caroline. It is indeed very ingenious — ^but we must now attend 
to our present experiment. The water begins to boil, and the ther- 
mometer is asfain stationary. 

Mrs, B, Well, Caroline ^ it is your turn to explain the phenome- 
non. 



*That is, water contains 140 degrees of heat more than is indica- 
ted by the thermometer. — C. 

t This calculation was made by Dr. Irvine. Dr. Crawford af- 
terwards placed the real zero at 1600 degrees below the of Fah- 
renheit. Still later, Mr. Dalton has turned his attention to the 
same subject. The mean of his experiment places the real zero 
COOO de^es below the freezing point. All this goes to show that 
very litue has yet been demonstrated on this difllcult question. — C. 



308. Why does the thermometer rise slower in the water than it did 
m the ice ? 

209, Since a thermometer does not indicate the absolute quantity 
of caloric contained in anv bodv, what is its use ? 

310. How much latent heat does water contain ? 

311. How much heat must be added to ice in order to melt it? 
dl2. What was proposed hf Dr Crawford^ and hy Vr. Datton, as to 

'fixing the real xerpf 
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Caroline, It is wonderfully curious ! The caloric Is now bdsy in 
changing the water into steam, in which it hides itself, and becomes 
insensible. This is another example of latent heat, produdng a 
change of form. At first it conyerted a solid body into a liquid, 
and now it turns the liquid into vapor ! 

Mrs, B. You see, my dear, how easily you haye become acquaint- 
ed with these modifications of insensible heat, which at first ap 
peared so unintelligible. If now, we were to reverse these chan- 

§es, and condense the vapor into water, and the water into ioe, 
le latent heat would re-appear entirely, in the form of free caloric. 

Dmib/, Pray do let us see the effect of latent heat returning to 
its firee state. 

Mrs. B, For the purpose of showing this, we need simply con- 
duct the vapor through this tube into this vessel of cold water, 
where it will part with its latent heat and return to its Mqnid form. 

Emily, How rapidly the steam heats the water ! 

Mrs, B, That is because it does riot merely impart its free caloric 
to the water, but likewise its latent heat. This method of heating 
liquids has been turned to advantage, in several economical estab- 
lishments. The steam kitchens, which are ^ getting in such gene- 
-r al use , are upon the* same principle . The steam is conveyed through 
a pipe in a similar manner, into the several vessels which contain 
the provisions to be dressed, where it communicates to them its la- 
tent caloric, and returns to a state of water. Count Rumford 
makes great use of this principle in many of his fire-places : his 
grand maxim is to avoid all unnecessary waste of caloric, for which 
purpose he confines the heat in such a manner, that not a particle of 
It shall unnecessarily escape ; and while he economizes the free car 
loric, he takes care also to turn the latent heat to advantage. It is 
thus that he is enabled to produce a degree of heat superior to that 
which is obtained in common fire-places, tliough he employs less fueL 

Emily, When the advantages of such contrivances are so clear 
and plain, I cannot understand why they are not universally used. 

Mrs, B. A long time is always required before innovations, how- 
ever useful, can be reconciled with the prejudices of the vulgar. 

Emily, What a pity it is that there should be a prejudice against 
new inventions ; how much more rapidly the world would improve 
if such useful discoveries were immediately and universally adopted \ 

Mrs, B, I believe, my dear, that there are as many novelties atr 
tempted to be introduced, the adoption of which would be prejudi- 
cial to society, as there are of those which would be beneficisd to it. 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
tageous than the latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its introduction. — 

31 3. What is that heat called which produces a change of form m 
bodies ? 

314. How may latent heat be converted into free caloric ? 

315. In what experiment may be seen the efiect of latent heat re- 
turning to its free state ? 

316. Wh%t is the advAntag* of Count Rumford's improved fire-pla 
ces^ 
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The well infonaed, howeyer, are frequently disappointed in their 
most sanguine expectations, and the prejudices of the valgar, 
though they often retard the progress of knowledge, yet sometimes, 
it must be admitted, prevent the propagation of error. — But we are 
deviating from our subject. 

We have converted steam into water, and are now to change war 
ter into ice, in order to render the latent heat sensible, as it escapen 
firom the water on its becoming: solid. For this purpose we must / 
produce a degree of cold that will make water freeze. 

Caroline, That must be very difficult to accomplish in this warm 
room. 

Mrs. B, Not so much as you think. There are certain chemical 
mixtures which produce a rapid change from the solid to the fluid 
state, or the reverse, in the substances combined, in consequence 
of which change, latent heat is either extricated or absorbed. 

JESnify, I do not quite understand you.' 

Mrs. B. This snow and salt which you see me mix togetheri-are 
meltine rapidly ; heat, therefore must be^absorbed by the mixture 
and cold produced. 

Caroline. It feels even colder than ice, and yet the snow is melt- 
ing. This is very extraordinary. 

Mrs. B. The cause of the intense cold of the mixture is to be at- 
tributed to the change of a solid to a fluid i^te. The union of the 
snow and salt produces a new arrangement of their particles, in 
consequence of which they become liquid ; and the quantity of car 
loric required to effect this change, is seized upon by the mixture 
whenever it can be obtained. This eagerness of the mixture for 
caloric, during its liquefaction, is such that it converts part of its 
own free caloric into latent heat, and it is thus that the temperature 
is lowered. 

Emily. Whatever you put in this mixture, therefore, would 
freeze ! 

Mrs. B. Yes ; at least any fluid that is susceptible of freezing at 
that temperature. I have prepared this mixture of salt and snow 
tor the purpose of freezing the water from which you are desirous 
of seeing the latent heat escape. I have put a thermometer in the 
glass of water that is to be frozen, in order that you may see how it 
cools. 

CaroUne. The thermometer descends, but the heat which the wa- 
ter is now losing is its free not its latent heat. 

Mrs. B. Certainly; it does not part with its latent heat till it 
changes its state and is converted into ice. 

Emily. But here is a very extraordinary circumstance! The 
thermometer has fallen below the freezing point, and yet the water 
iS'fiot frozen.* 



*To make this experiment striking, the glass containing the wa- 
ter and thermometer ought to be kept perfectly still until the mer- 
cury sinks below the freezing point. Then agitate the water, or 

317. How is latent heat rendered sensible ? 

318. How can water be made to freeze in a warm room!* 
3Ii>. Why is a mixture of snow and salt so Intensely cold <* 
320. When doc-s water part with its latent heat? 
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Mrs. B/That is always the case previous to the fieesing of wa- 
ter when \}B in a state of rest. Now it begins to congeal and yon 
may observe that the thermometer again rises to the fteedng pointj 

Caroline. It appears to me very strange that the thermomelKr 
should rise the very moment that the water freezes ; for it seems to 
imply that the water was colder before it froze than when in the let 
of freezing. 

Mrs, B. It is so ; and after our long dissertation on this dromih 
stance, I did not think it would appear so surprising to you. Re- 
flect a little^and I think you vnll discover the reason of it. 

CarolineLiX must be, no doubt, the extractionrof latent heat, at 
the instant the-i^ater freezes, which raises the temperature/ 

Mrs. B. Certainly ; and if you now examine the thermometer, 
you will find that its rise was but temporary, and lasted only du- 
ring the disengagement of the latent heat — now that all the water 
is frozen, it falls again, and will continue to fall, till the ice and 
mixture are all of an equal temperature. 

Emily. And can you show us any experiments, in which liquids, 
by being mixed, become solid and disengage latent heat? 

Mrs. B{ I could show you several, but you are ntft yet sufficiently 
advanced tb^mderstand them well. I shall, however, try one, which 
will afford you a striking instance of the fact. The fluid wliich you 
see in this phial, consists of a quantity of a certain salt called munat 
of lime, dissolved in water. Now, if I pour into it a few drops of 
this other fluid, called sulphuric add, the whole, or very nearly the 
whole, will be instantaneously converted into a solid matm 

Emily. How white it turns ! I feel the latent heat esc^ing ; for 
the bottle is warm, and the fluid is changed to a solid white snb- 
st9,m^, like chalk ! * 

Ckiroline. This is, indeed, the most curious experiment we have 
seen yet. But pray what is that white vapor which ascends from 
the mixture ? 

Mrs. B. You are not yet enough of a chemist to understand that. 
But take care, Caroline, do not approach too near it, for it has a 
very pungent smell. 

>'l shall show you another instance, similar to that of the water, 
which you observed to become warmer as it froze. I have in this 
phial a solution of a salt called sulphat of soda, or Glauber's salt, 
made very strong, and corked up when it was hot, and kept without 

drop into it a small piece of ice, and it instantly shoots into crystals, 
and^the thermometer rises. — C. 

H^The sulphuric acid, by its stronger affinity for the lime, takes it 
froni the muriatic acid, unites with it, and forms sulphate of lime. 
The solidity is owing to the insolubility of this last substance in wv 
ter. The experiment succeeds well, if the water is saturated with 
the muriate.-— C. 

321 . Wh^ does water becorae colder before freezing than it is in the 
act of freezing ? 

322. What example can you give of liquids becoming solid, by being 
mixed, and disen^raging latent heat.' 

323. Hoto is this effect accounted for, in the Twte f 

324. What other instance of the extrication of latent heat is given, 
and how is it produced ' 
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affitation, tOl it became cold, as you may feel the phial is. Now 
^en I take out the cork, and let the air &11 upon it, (for being 
closed when boiling, there was a vacuum in the upper part,) ol^ 
serye that the salt 'mil suddenly crystallize*^ 

Qxroline. Surprising ! how beautifully tne needles of salt have 
shot through the whole phial ! 

Mrs. B, Yes, it is very remarkable ; but pray do not forget the 
object of the experiment. . Feel how warm the phial has become 
by the conversion of part of the liquid into a solid. * 

Emihf. Quite warm, I declare ; this is a most curious experiment 
of the oiseDj^igement of latent heat. 

Mrs. ^.frhe slaking of lime is another remarkable instance of 
the extrication of latent heaty Have you never observed how 
quick-Ume smokes, when wato/ is poured upon it, and how much 
heat it produces ? 

Caroline. Yes; but I do not understand what change of state 
takes place in the lime that occasions its giving out latent heat : for 
the quick-lime, when it is solid, is (if I recollect right,) reduced to 
powder by this operation, and is, therefore, rather expanded than 
condensed.^ . 

Mrs. j&.Qt is from the water | not the lime, that the latent heat is 
set free. The water incorporates with, and becomes solid in the 
lime ; in consequence of which the heat which kept it in a liquid 
state is disenj^ed, and escapes in a sensible form. 

Caroline. I always thought that the heat originated in the lime. 
It seems very strange that water, and cold water, too, should con- 
tain so much heat. 

IkniJy. After this extrication of caloric, the water must exist in 
a state of ice in the lime, since it parts with the heat which kept it 
liquid. 

Mrs. B. It cannot properly be called ice, since ice implies a 
degree of cold at least equal to the freezing^ point. Yet, as water , 
in combining with lime, gives out more neat than in freezing, it 
must be in a state of still greater solidity in the lime than it is in the 
form of ice ; and you may have observed that it does not moisten or 
Liquefy the lime in the smallest degree. ' ^ 

Enuly. But, Mrs. B. the smoke that rises is white ;(if it was only 
pure caloric which escaped, we might feel, but could not see it.-. 

Mrs. B. This white vapor is formed by some of the particj[^ of 
lime in a ^te of fine dust, which are carried off by the caloriA^ 

EmUy. v[n all changes of state, then, a body either absomi or 
disengages latent heatj 

Mrs. B. You cannot exactly say absorbs latent heat, as the heat 
becomes latent only on being confined in the body ( but yoa may 
say, generally, that bodies in passing from a solid to a liquid form, 
or from tHe liquid state to that of vapor, absorb heat : and that 
when the reverse takes place heat is disengaged.* 

* This rule, if not universal, admits of very few exceptions. 

325. What other instance is mentioned of the extrication of latent 
heat? 

326. Whence proceeds the heat in the slakixij^ of lime ? 

327. Why is tne smoke that rises in Uie slaking of lime, white? 

328. When do bodies abaori> heat? 
When }b beat diiengaged ? 
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Ehnfy. We can now, I think, account for the ether boiliiig, ind 
the water freezing in ^acno, at the same temperature.* 

Mrs, B. Let me hear how yon explain it ? 

Ermh/^^The latent heat which the water gaye oat in fieeiiBg} 
was imojediately ahsorhed hj the ether, during its conYeraion iato 
Yapor; and therefore from a latent state in one liquid, it passes 
into a latent state in the other^ 

Mrs. B, Bat this only partly accounts for the result of the ex 
periment ; it remains to be explained why the temperature of die 
ether, while in a state of ebullition, is brought down to the freezing 
temperature of water. It is because the e&er, during its eyapora* 
tion, reduces its own temperature, in the same proportion as that 
of the water by converting its firee caloric into latent heat ; so that 
though one liquid boils, and another freezes, their temperatures 
remam in a state of equilibrium. 

Emify, But why does not water, as well as ether, reduce its own 
temperature by evaporating ? 

Mrs. B. The fact is, that it does, though much less lapidly than 
ether. Thus, for inBtance, you may often have observe^in the heat 
of summer, how much any particular spot may be cooled by water- 
ing, though the water used for that purpose be as warm as the air 
itself A fiideed so much cold may be produced by the mere evapora- 
tion OF water, that the inhabitants of India, by availing themselves 
of the most favorable circumstances for this process which their 
warm climate can afford, namely the cool of the night, and situations 
most exposed to the night breeze, succeed in causing water ta freeze 
though the temperature of the air be as high as 60 degrees^ The 
water is put into shallow earthen trays, so as to expose an es:^nsive 
surface to the process of evaporation, and in the morning, the water 
is found covered with a thin cake of ice, which is collected in suffi* 
cient quantity to be used for purposes of luxury. 

Caroline. How delicious it must be to drink liquids so cold in 
these tropical climates! But, Mrs. B., could we not try that 'ex- 
periment ? 

Mrs. B. If we were in the country, I have no doubt but that we 
should be able to freeze water, by the same means, and under simi- 
lar circumstances. But we can do it immediately, upon a small 
scale, in this very room, in which the thermometer stands at 70 de- 
grees. For this purpose we need only place some water in a little 
cup under the receiver of the air pump, r^. 8, and exhaust the air 
from it. What will be the consequence, Caroline ? 

Caroline. Of course the water will evaporate more quickly, since 
there will no longer be an atmospheric pressure on its sur&ce ; but 
will this be sufficient to make the water freeze ? 

Mrs. B. Probably not, because the vapor vnll not be carried off 

• See page 65. 

329. Why does water freeze and ether boil in yacuo ? 

330. Why does the ffround become cooled by watering in summery 
though the water used he as warm as the air itself? 

^ 33l. How is ice oflen produced in India, where the temperature is 
not below GO degrees ? 

332. How is water made to fieeie under a glass receiYer, as iHos- 
tratedinfigureS' 



M 

ftfltnon^h; bat thi* will be accompliaheii withixit diffieulWif we 
introduce into the recent. Fig. 8, in a caocet, or other lareS^Auil- 
lowTBBBel, some sttong eulpbanc acid, a substance wUrli has a 
graU attracdon for water, whether in die form of vapor, or in the 
Dquid Male. Thia attraction ia such that the acid will inttantlj ab- 
smb die moi«ttue a* it riMa from the water, bo a* to make room for 
Fig. 8. 




the fotmatioa of fresh vapor ; this will of course hasten tho proccM, 
and the cold jimduced from the rapid evaporation of the water, will 
in a few minutes, be sufficient to ireeze its GnifaceT We'shall now 
exhauet the air from the receiver. "^ 

Emily. Thousands of smaH bubbles aheady arise through the 



the intemal surface of the cup ; what ie 
Mrs. B.fnie» 



Mrs. B.^Theae are bubbles of air which were panlf attached U 
the vessel, snd partly diffused to the water itself; and they expand 
and rise in consequeoce of the atmospliertc pressure beingremovedl 

Caroline. See, Mrs. B. ; the thermometer in the cup Is ainking 
tatt ; it hsa already descmided to 40 degrees I 

minify. The water now and then violently agitated on the soiface 
BS if it were filing ; and yet the thermometer Is descending fast ! 

Mr*. B. pau may call it boiling if you please, for this appear- 
ance is, aswSU as boiltngi owing to the rapid fonnatioci of vapor; 
but here, as you have just observed, it takes placefrom thesui&ce, 
fin it is only when heat is appUed to the bottom of the vessel that 
I is formed therej|-Now crystals of ice ate actually shoot- 
X the aur&ce onhe water. 

* This experiment was £rst devised by Mr. Leslie, and has nnes 
been modified in a variety of fQime. 

When the air ii exhausted &om the receiver, why do b«diUM 
the wstsr Inon the intemal lur&ce of ths ei^i? 
does UiB water appear u if boUiog \ 



lbs vapor 
ingalToT 



• IhnBdi 
3U. my 



joomixBD cAuona 



CaroUne, How beautiful it is! The surfiiee b now entiialy 
irozen — but the thennometer remains at 38 degrees. 

Mrs. B. fAjid so it will, confonnably with our doctrine <tf latent 
heat, until tfte whole of the water be frozen ; but it will then again 
begin to descend lower and lower, in consequence of the e^aponir 
tion which goes on from the surface of the ioeJ 

Emily. This is a most interesting experuq^nt ; but it would be 
still more striking if no sulphuric acid were required. 

Mrs. B. I will show you a freezing instrument, contrived by Dr. 
WoUaston, upon the same principle as Mr. Leslie's experiment, by 
which water may be frozen by its own evaporation alone, without 
the assistance of sulphuric acid. 



Tie. 9. 



^ 



rJOr. Wollaston's Cryophonu. 
This tube which as you 
see is terminated at each n 
extremity by a bulb, one c\ 
of which is half full of wa- ^K^ 
ter, is internally, perfectly 
exhausted of air ; the consequence of this is, that the water in the 
bulb, is always much disposed to evaporate. This evaporation, how- 
ever, does not proceed sufficiently fast to freeze the water ; but if 
the empty ball oe cooled by some artificial means, so as to. condense 
quickly the vapor which rises from the water, the process may be 
thus^so mi^ch promoted as to cause the water to freeze in the other 
balh) Dr. Wollaston has called this instrument Oryophorus. 

Caroline. So that cold Fig. 10. 

seems to perform here 
the same part which the 
sulphuric acid acted in 
Mr. Leslie's experiment. 

Mrs. B. Exactly so ; 
but let us try the experi- 
ment. 

Emily. How will you 
cool the instrument ? 
You have neither ice nor 
snow. 

Mrs. B. True; but 
we have other means of 
effecting this.* You re- 
collect what an intense 
cold can be produced 

by the evaporation of ^S: ^* (^*«* '^•) ?'• Marcet»s mode of asing 

e&er in J exhausted «"^'*'«'"?f A]'^^ ^^SLS*"" ^ 
receiver. • We shall in- 




partt 



• This mode of making the experiment was proposed, and the 
particulars detailed, by Dr. Marcet, in the 34th vol. of Nicholson's 
Journal, p. 119. 



^. How long will this ezperunent in the thermoineter remam at 
i»* 'aej^rees, or at the freezmg point ? 

V'Se. Why will it begin ancl continue to descend as soon as all the 
wau»r IS frozen ? 337. What is the otyect of figurea 1, 8, and 3 > 
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elote the bulb in Utaa little bag of fine flannel, 0^\ 1,) then soak 
it in ether, and introduce it into the receiver of me air pump, (Fig. 
3.) For this purpose we shall find it more convenient to use a cryo- 
phorus of thik shape, (Fig. 2,) as its elongated bulb passes easily 
through a brass plate which closes the top of the receiver. If we 
now exhaust the receiver quickly, you will see in less^an a minute, 
the water freeze in the other bulb out of the receiv^r^ 

Emily. The bulb already looks quite dim, and jmall drops of 
water are condensing on its surface. 

Caroline, And now crystals of ice shoot all over the water. 
This is indeed a very curious experiment ! 

Mrs. B/Yovl will see, some^ther day, that, by a similar method, 
even quicmlver may be frozen! But we cannot at present indulge 
iiyany further digression. / . ' 

fHaving advanced so far on the subject of heat, I may now ^ve 
yah an account of the calorimeter, an instrument inventea by 
Lavoisier, upon the principles lust eaLulained, for the purpose of 
estimating the specific heat of bodies^ [it consists of a vessel, the 
inner sunace of which is lined with/ioe, so as to form a sort of 
hollow globe of ice, in the midst of which the body, whose specific 
heat is to be ascertained, is placed. The ice absorbs caloric from 
this body, till it has brought it down to the freezing point ; this 
caloric converts into water a certain portion of ice wMch runs out 
through an aperture at the bottom of the machine ; and the quantitv 
of ice changed to water, is a test of the quantity of caloric which 
the body has given out in descending from a certain temperature to 
the freezing pointf 

Caroline. In this apparatus, I suppose, the milk, chalk, and lead, 
would melt different quantities of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrs. B. Certainly ; and thence we are abl^ to ascertain, with 
precision, their respective capacities for heat. /But the calorimeter 
afibrds us no more idea of the absolute quantuy- of heat contained 
in a body, than the thermometer 4 for though by means of it we 
extricate both the free and combif#ed caloric, yet we extricate them 
only to a certain degree, which is the freezing point ; and we 
know not how much they contain of either below that point. 

JEmiljf. According to the theory of latent heat, it appears to me 
that the weather should be warm when it freezes, and cold in a thaw ; 
for latent heat is Uberated from every substance that it freezes, and 
such a large supply of heat must warm the atmosphere ; whilst du- 
ring a thaw, that very quantity of free heat must be taken from the 
atmosphere and return to a latent state in the bo|;iies which it thaws. 

Mrs. B, Your observation is very natural ;(^ut consider that in 
a frost the atmosphere is so mu(^- colder than tn& earth, that all the 
caloric which it takes from the freezing bodies is insufficient to raise 
its temperature above the freezing pomJ; otherwise the frost must 
cerise. But if the quantity of latent hes^ extricated does not destroy 
the frost, it serves to moderate the suddenness of the change of 

338. Can quicksilver be frozen ? 

339. What is the calorimeter, and what ia its use ? 

340. Of what does it consist ? 

341. Does the calorimett^r indicate the absolute quantity of heat 
eontained in a body ? 

342. What effect is produced on the tempenluxe o{ Vlb& «Stsaos|^ii^ 
by the attnictio/i of latent heat from the winteT firaitol 
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temperature of the atiiKM|>here, at the eoimnenoeiiieiit both of frqak 

and of a thaw. In the first instance, its extrication diminishes tiie 
sererity of the cold ; and in the latter, its ab8orptioik.moderal)es the 
warmth occasioned by a thaw ; it even sometimea prodaees a 
discernible chill, at the breaking up of frost. 

Caroline, But what are the general causes that prodooe those 
sudden changes in the weather, especially from hot to ooldy which 
we often experience ? 

Mrs, B. This question would lead us into meteorological diseoi- 
sions, to which I am by no means competent. One drcomstanoe, 
however, we can easily understand. W hen the air has passed over 
cold countries, it will probably arrive here at the temperature much 
below our own, and then it must absorb heat from every object it 
meets with, which will produce a general fall of temperature. 

Caroline. But pray, now that we know so much of the effects of 
heat, will you inform us whether it is really a distinct body, or, as 
I have heard, a peculiar kind of motion produced in bodies? 

Mrs. B. As I have before told you, there is yetjnuch uncertain- 
ty as to the nature of these subtle agents. But/l am incUDed to 
consider heat not as a mere motion, but as a separallrsubstiuicsJLate 
experiments, too, appear to make it a compound body, comisting 
of the two electricities ; and in bur next conversation I shall infinm 
you of the principal facts upon which that opinion is founded. 



CONVERSATION V. 

ON THE CHEHICAX AGENCIES OF EL£CTaiCITT.*\ 

Mrs. B. Before we proceed further, it will be necessary to give 
you some account of certain properties of electricity, which have 
of late years been discovered to have an essential connexion with 
the phenomena of chemistry. 

Caroline. It is electricitt, if I recollect right, which comes 
next in ou;4ist of simple substances ? 

Mrs. Bi I havjB placed electricity in that list, rather from the ne- 
cessity of classing it somewhere, than from any conviction that it has 
a right to that situation ; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not only whether it is sim- 
ple or compound, but whether it is in fact a material agent ; <Nr as 
Sir H. Davy has hinted, whether it may not be merely a property 
inherent in matter:. As, however, it is necessary to adopt some 
hypothesis for the explanation of the discoveries which this agent 
has enabled us to make, I have chosen the^opinion, at present mo^ 
prevalent, which supposes the existence ofl two kinds of electricityi 
distinguished by the name of positive and ritgative electricityy <--^ 

*The electricity extracted by the metals is commonly callec 
Galvanism^ 

343. What is heat now supposed to be ? 

344. What subject is to be considered in this conversation ? 

345. What are Uie uncertainties as to the nature of eleetriei t y "^ 

346. How many kinds of electricity are there ? 
^47. ir/iat aje they caUtd ? 
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CaroBne, Well, I must confess, I do not feel nearly so interested 
in a science in which so much uncertainty prevails as in those 
which rest upon established principles. I never was fond of elec- 
tricity, because, however beautiful and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me so various, so obscure and inadequate, that I always 
xemained dissatisfied. I was in hopes that the new discoveries in 
electricity had thrown so great a light on the subject, that every 
thing respecting it would now have been clearly explained. 

Mrs, n. That is a point which we are yet far from having at- 
tained. But, in spite of the imperfection of our theories, you will 
be amply repaid by the importance and novelty of |.he subject. The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
will, I hope, ultimately lead to a perfect elucidation of this branch 
of natural science; but at present you must be contented with 
studying the effects, and in some degree explaining the phenomena, 
without aspiring to a precise knowledge of the remote cause of 
electricity. 

You have already obtained some notions of electricity ; in our 
present conversation, therefore, I shall confine myself to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance whiolv^i^t gave rise 
to this new branch of physical science, fealvani'iaproiessor of 
natural philosophy at Bologna, being engag&d (abtfut^ years ago) 
in some experiments on muscular irritability, observed that when a 
piece of metal was laid on the nerve of a frog recently dead, whilst 
the limb supplied by that nepre rested upon some other metal, the 
limb suddenly move^ on a communication being made between the 
two pieces of metd. 

Emily. How is this communication made ? 

Mrs. B. Either by bringing the two metals into contact, or by 
connecting them by means of a metallic conductor. But without 
subjecting a frog to any cruel experiment, I can easily make you 
sensible of this kind of electric action. (Here is a piece of zmc, 
(one of the metals I mentioned in the lisTSf elementary bodies) — 
put it under your tonffue, and this piece of silver upon your tongue, 
and let both the metsSs project a little beyond the tip of the tongue 
— very well ; now make the projecting parts of the metals touch 
each other, and you will instantly perceive a peculiar sensationy 

Emily, Indeed I did ; a singular taste, and I think a degif^ of 
heat ; but I can hardly describe it. 

Mrs. B, The action of these two pieces of metal on the tongue 
is, I believe, precisely similar to that made on the nerve of a frog. 
I shaU not detain you by a detailed account of the theory by which 
Galvani attempted to explain this fact, as it was soon overturned 

348. What is Hie difference between electricity and Ctalvanism f 

349. From whom did Galvanism derive its name ? 

350. What gave rise to the branch of physical science called Gal- 
▼anism ? 

351. What simple experiment is mentioned, that can be made upon 
the tongue to illustrate this subject .' 
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by sabsequent experiments, which proved thftt CkihMmism fihe mane 

^his new power had obtained) was nothing more than electricity. 

^ Galvani supposed Jthat the virtue of this new a?ent resided in ihe 

^ nerves of the fro^ /but Volta, who prosecuted this subject with 

much greater suo^ss, showed that the phenomena did not depend 

on the organs of the frog, but upon the electrical a^ncy or the 

metals, which is exdted by the moisture of the animal, the organs 

of the frog being only a delicate test of the presence of electric 

influenced 

Caroline. I suppose, then, the saliva of the mouth answers the 
same purpose as the moisture of a frog, in exciting the eleetridty 
of the pieces of silver and zinc, with which Emily tried the exgen 
ment on her tongue ? 

Mrs, B, Precisely. It does appear, however, necessary thai 
the fluid used for this purpose should be of animal nature. Water, 
and acids very much diluted by water, are found to be the roost ef- 
fectual in promoting the developement of electricity in metak ; and 
accordingly the original apparatus which Yolta first conatructeid for 
this purpose consisted of a pile or succession of plates&f jrinc and 
copper^ each pair of which was connected by piec6s of cloth or par 
per iilif|)regnated with water ; and this instrument, from its original 
mconvenient structure and limited strength, has gradually arrived 
at its present state of power and improvement, such as exhibited in 
the Voltaic battery. In this apparatus, a speqjjnen of whidi you 



sFig. n.< 
Volteic Batp^ry. 




see before you, 
the plates of zinc 
and copper are 
soldered together 
in pairs, each 
pair being placed 
at regular distan- 
ces in wooden 
troughs and the 
interstices being 
filled with fluid. 



Caroline, Thoxigh you will not allow us to inquire into the pre- 
cise cause of electricity, may we not ask in what manner the nuid 
acts on the ;neta]s so as to produce it ? 

Mrs, B. The action of the fluid on tko metals, wliether water or 
acid be used^ is entirely of a chemical natiue.. But whether elec- 
tricity is excited by this chemical action, of whether it is produced 
by the contact of the two metals, is a point upon which philosophers 
do not yet perfectly agree. 

Emity. But can the mere contact of two metals, without any in- 
tervening fluid, produce electricity? . 

Mrs, B, vX^s, if they are afterwards separatedX It is an establish- 

352. How did Galvani account for the mormJ of the limb on a 
communication being made between the two metals ? 

353. What was the true cause of it ? 

354. What metiUs are used in the production of Galvanic action ? 

355. Which figure represents a Voltaic battery ? 
336. Can galvanism oe produced without water .^ 
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]d ficty thai when twor mebda are put in contact, and alterwardB 
separated, that which has the strongest attraction for oxygpen ex- 
hibits signs of positive, the other of negative electricity. 

CaroSne. It seems, then, but reasonable to infer that the^wer 
of the Voltaic battery should arise from the contact of the plates of 
xinc and copper. 

Mrs. B, It is upon this principle that Yolta and Sir H. Davy 
explain the phenomena of the pile ; but notwithstanding these two 
^eat authorities, ma&T philosophers entertain doubts of the truth 
of this theory. The chief difficulty which occurs in explaining the 
phenamena of the Voltaic battery on this principle, is that two such 
plates show no si^s of different states of electricity whilst in con- 
tact, but only on oeing separated after contact. Now, in the Vol- 
laic battery, those plates that are in contact, always continue so, 
bein^ soldered together ; and they cannot, therefore, receive a suc- 
cession of charges. Besides, if we consider the mere disturbance 
of the balance of electricity by the contact of the plates, as the sole 
cause of the production of Voltaic electricity, it remains to be 
explained how this disturbed balance becomes an inexhaustible 
source of electrical energy, capable of pouring forth a constant and 
copious supply of electrical flnid, though without any means of 
replenishing itself from other sources. This subject it must be 
owned^ is involved in too much obscurity to enable us to speak very 
decidedly in fsLvor of any theory. But m order to avoid perplexing 
you with different explanations, I shall confine myself to one which 
appears to me to be least encumbered with difficulties, and most 
£ke]Y to accord with truth.* 

This theory supposes the electricity to be excited by the chemi- 
cal action of the acid on the zinc ; but you are yet such novices in 
chemistry, that I think it will be necessary to give you some previ- 
ons explanation of the nature of this action. 

All metals have a strong attraction for oxygen ; and this element 
is found in great abundance, both in water and in acids. The 
action of the diluted acid on the zinc consists, therefore, in its 
oxygen combining with it, and dissolving its surface. 

Qiroline, In the same manner, I suppose, as we saw an acid dis- 
solve copper^ 

Mrs. n. Yes ; but in the Voltaic battery, the diluted acid is not 
strong enough to produce so complete an eilect ; it acts only on the 

• This mode of explaining the phenomena of the Voltaic pile is 
called the chemical theory of electricity, because it ascribes the 
cause of these phenomena to certain chemical changes which take 
place during their appearance. The mode which is here sketched 
was lonff since suggested by Dr. Bostock, who has lately, (1818) 
publish^ "An account of the History and present state of Galvan- 
ism;" which contains a fuller and more complete statement of his 
opinions and those of other writers on the subject, than any of his 

former papers. 

- - - ' 

357. What established fact in galvanic experiipents is mentioned? 

358. What two chemists have Aphuned the phenomena of the Vol- 
taic battery, as proceeding solely from the contact of the two metals ? 

369. For what have all metals strong attraction ? 



mnftce of the zmc, to which it yields its oxygen, Suimng opcm At 

film or crust, which te a. compound of the-oxyg^n and tile metal. 

Emtly. Since there Is so Btrong a chemical attraction between 
oxycen and metals, I suppose ihey are natuislly ia di^rent sntci 
of electricity. 

Mrs. B. Yea ; it appears that all metals are united with ths 
positive, and that oxyg«n is the grand sonice of the negative eleo- 

CoToline. Does not, then, the acid act on the plates of copper, 

as well as on those of unc?* 

Mri. B. No ; for though copper has an affinity for oxygen, it is 
less strong than that of zmc ; and therefore the energy of the acid 
is only exeited upon the zine. 

It will be best, I beUeve, in order to tender the action of the 
Voltaic battery more inielligible, to confine our attention at first (o 
the effect produced on two ^atea only. (Fig. 13.) 

If a plate of zinc be placed opposite to one of copper, axFig. 12. 
any other metal less attractive of oxygen, and the space' Vululg 
between them (suppose of half an inch in thickness,) be B»"«T- 
filled with an acid or any fluid fcapahie of oiydating the I " 
zinc, the oxydated sutface will have its capacity for elec- 1— . 
tricity diminished, so that a quantity of electricity will be p^ 
evolved from that surface. This electricity will be received j 
by the contiguous fluid, by which it will be tiansmitled ^ 
to the opposite metallic surface, the copper, which is nM ^ 
oxydated, and is therefore disposed to receive it; so that 
the copper plate will thus become positive, whilst the xi" 
phtte Will be in the negative slate. 

This evolution of electrical fluid, however, will be very 
limited ; for as these two plates admit of but very littie 

accumulation of electricity, and are supposed to have no i 

nicatioa with other bodies, the action of the acid, and further 
developement of electricity, will be immediately stopped. 

Emly. This action, I suppose, can no more contiaua, thao that 
of a common electrical machine, which Is not allowed to cocnmaai- 
cate with other bodies ? 

Mrs. B. Precisely; the cornmon electrical machine when ex- 
cited by the friction of the rubber gives out both tbe positive and 
negative electricities. (Fig. 13.) The positive, by the rotation of the 
^lasB cylmder, is conveyed into the conductor, whilst the negative 
goes into the rubber. But unless there is a communication made 
between the rubber and the ground, a very inconsiderable quantity 

"Tbe acid acta upon the copper, but not so strongly as on ths 
zinc. Any two metals, one of which has a stronger attractioQ fbl 
oxygen than the other, will form the galvanic series. — C. 

360. What is tbe grand source of negative electricity ? 

361. Why in the Voltaic battery is the energy of the action exerted 
only upon the zinc .' 

S32. How would yon eiplun the principle of the Voltaic hatteir by 
Tie. IS ? 

363. How would you describe the mode of eoUecUng electricity in 
the commoD electrical machine i 

364 Why mlut tiw nibber be connected with the ground > 



vS ifciiliiiiilj esn be enated ; fei the mlAHr, Hke the plslea of the 
. wMOerj, hin too mnall a capsdW to admit of an occumalatioa of 
aloctnci?. Unlese, therefore, the electndty can pan oat of the 
Tnbber, it will not continue to go into it, EUid consequently, no ad- 
ditional accamulatiuna will lake place. Non, as one kind of elee- 
tricaty cannot be given ont without the other, the derelopement of 
the poeiliie electncitrisBU^tped aawell as that of ttie uentiTe,and 

'•■ ■■ • ■^wfoTB "- :— -^i 



the condoclor, theiefc 
Tig, 13. 



i, cannot receiTe a aucceaaion of diatgM. 
Electrical Machine. 
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Caroline, But does not the conductor, as 'Well as the Tubbei, 
lequiie a eomiiinniiation with the earth, in order to get nd of its 
electricit* ; 

JIfri. B. No ; for it is soaceptihle of receiving and containing a 
eonraderable quantity of eleetricity, as it is much larger than the 
rabbei, and thereibie has a greater cauacity ; and this continued 
aeciunulation of electricity io the conanctor, is vrhat is called a 

XSab/. Bnt when an elecliical machine is furnished with two 
eooductoiB to receJTe the two elecCricities, I suppose no communi- 
eUion with the earth is required i 

Jtfrt. B. Certainly not, until the two are fullv charged ; for the 
two conductoiB will receive equal quuititiea of electricitj. 

CoToUne. 1 thought Iha use of the chain had bera to convey the 
•^ectrioity /rom /he ground into the machine. 

itn. B. That was the idea of Dr. Franklin, who supposed that 
there was but one kind of electricity, and who by the terms post- 
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five and negatire (which he first mtrodaced,) meant only diflmiit 
quantities of the same kind of electricity.* The chain "was in that 
case supposed to convey electricity frfrm the groond through the 
rubber into the conductor. But as we have adopted the hypothesis 
of two electricities we must consider the. chain as a vehicle to con- 
duct the negative electricity into the earth. 

Emily, And are both kinds produced whenever electricity is 
excited ? 

Mrs, B, Yes, invariably. If you rub a tube of glass with a wool- 
len cloth, the glass becomes positive, and the cloth negative.f If 
on the contrary you excite a stick of sealing wax by the same means, 
it is the rubber which becomes positive, and the wax negative. 

But with regard to the Voltaic battery, in order that the acid may 
act freely on the zinc, and the two electricities be given out without 
interruption, some method must be devised, by which the plates 
may part with their electricities as fast as they receive them. Can 
you think of any means by which this might be efi^ted ? 

Emily, Would not two chains or wires suspended from either 
place to the ground, conduct the electricities mto the earth, and 
thus answer the purpose ? 

Mrs. B. It would answer the purpose of carrying off the electri- 
city, I admit, but recollect, that though it is necesssryto find a vent 
for the electricity, yet we must not lose it, since it is the power we 
are endeavoring to obtain. Instead, therefore, of conductug it into 
the ground, let us make the wires from either plate meet ; the two 
electricities will thus be brought toc^ether, and will combine and 
neutralize each other ; and as long as uiis communication continues, 
the two plates having a vent for their respective electricities, the 
action of the acid will go on freely and uninterruptedly. 

Emily. That is very clear, so far as two plates only are concemedj 
but I cannot say I understand how the energy of the succession of 
plates, or rather pairs of plates, of which the Galvanic trough is 
composed, is propagated and accumulated throughout a battery. 

* The idea oC Dr. Franklin was, that the positive state consisted 
in the presence, or accumulation of the electric fluid, and that the 
negative was merely its absence or diminution. Hence the terms 
used by him to indicate these states were positive and negative. In 
this chapter. Mis. B. has used these terms of the Amencan Philo- 
eopher improperly, for plvs and minus were never meant to signify 
two sorts of electricity , but only its presence or absence. Where 
authors have adopted Dufay's theory of two electricities, they have 
used the term vitreous and resinous. — C. 

f Most probably, because the glass takes the electric fluid finom 
the cloth. Indeed we conceive there is about the same reason for 
believing that the negative state is the absence of the electric fluidi 
as there is for believing that ctold is the absence of heat. — C. 

367. What is the use of the chain in the common electrical machine? 

368. Are negative and positive electricities always produced, when 
electricity is excited ? 

369. What is necessary in the Voltaic battery, that the two eleetrioi* 
ties be ffiven out without interruption i 

370. lo what manner do two pieoes of wire prodace this effibctf 




Mrt. B. In oi^er to show yon how the intensity <^ tfae eleotrici^ 
Is increased by inenaatog the number of plates, we will extiiini« 
the action of tour plalea ; if van understand these, yon wiU readily 
eomprehend that ot any number whatever. 

la this figure you wilt obBerre ttiat the 
two central plates are united ; ihey are 
auldeied together, (as we obseired in de- 
■cribin^the Voltaic trough,) so as to iiirm 
but one plate, which ofiers two difl^ent 
VDrJaces ; the one of copper, tbe ottier of 

Now fon recollect, that, in explaining 
Ae action of two plates, we supposed 
tiiat a quantity of electricity was evolved 
from the surface of the first zinc plate, in — 
oonseqaence of the actionofthe acid, and 

was conveyed by the interposed fluid to the copper plate No. S, 
which thus became positive. This copper plate communicates ila 
electricity to tbe contiguous zinc plale, No. 3, in which, conse- 

auently, some accumulation of electricity takes pl^ce. When, 
lerefore, the fluid in the next cell acts 'upon the zinc plate, eleo- 
tricily is extricated &om it in larger quantity, and in a more con- 
oentialed form than before. Tliis concentrated electricity is again 
conveyed by the fluid to the next pair of tbe plates. No. 4 and 5. 
when it is fuTthei' increased by the action of the fluid in the third 
oqII, and soon, to any numbatof plates, of which Ihehattery may 
eoDsist. BO that the electrical energy will continue to accumulate in 
proportion lo the number of double plates, the fiivt zinc plate of 
the series being the moat negative, and the last copper plate the 
most positive. 

Gnvhne. But does the battery become more and more strongly 
chafed merely by beii^. allowed to stand undisturbed .' 

iUrj. B. No : for the action will soon stop, as was explained be- 
fitre, unleea a vent be given to the accumulated electricities. Tlus 
ia easily done, however, by establishing a communication by means 
<rf the vrii'es (See Fig. 11,) between the two ends of the battery ; 
these being broaght into contact, the two electricities meet and 
neutralize each a*'ier, producing the shock, and other efiects of 
electricity : and the action goes on with renewed energy, being no 
lengPT obstructed by tbe accumulation of tbe two electricities which 
impeded its procreBs. 

Bmib/. It IS the union of the two electricities which produces the 
dectric sparli P 

Mrs. B. Yes ; and it is, I believe, this circumstance which eavo 
riae to Sir H. Davy's opinion, ttiat caloric may be a compound of 
the two electricities. 

Carolint. Yet, surely, caloric ia very different &om the elbctrical 

Mrt. B. The difierence may consist, probably, only in jnteiLUtj ; 

371. How would you eiphuB figure H ? 

37X. How woold you explain figure 14, which represents the Vtdtde 
battery, so u to produce the electric apuk ? 
TO. Wha^does Sir H. Davy suppose calorie tote? 
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for the heat of the electric spark is oonsiderafoly more intaoae 
thoaffh confined to a very minute spot, than any heat we caa pnh 
duce DV other means. 

Emify. Is it quite certain that the electricity of the Voltaic halteiT 
is precisely of the same nature as that of the common eledriod 
machine! 

Mrs. B. Undouhtedly ; the shock ghren to the human body, thi 
spark, the circumstance of the same substances which are ooi»- 
ductors cf the one, being ako conductors of the other, and of those 
bodies, such as glass and sealing wax, which are non-oondudxm 
of the one, bein^ also non-conductors of the other, are striking 
proofs of it. Besides, Sir H. Davy has shown, in his Lectures, that 
a Leyden jar, and a common electric battery, can be charged with 
electricity obtained from a Voltaic battery, the efiect ptoduMd beiof 
perfectly similar to that obtained by a common machme. 

Dr. Wollaston has likewise proved, that similar (domical decom- 
positions are effected by the electric machine and by the Vdtaie 
battery ; and has made other experiments which render it highly 
probable, that the origin of both electricities is essentially the same, 
as they show that the rubber of the common electrical machinei 
like the zinc. in the Voltaic battery, produces the two electricities, 
by combining with oxygen. 

CaroUne, But I do not see whence the rubber obtains oxygen, for 
there is neither acid nor water used in the common machine ; and I 
always understood that the electricity was excited by the friction. 

Mrs. B. It appears that by friction the rubber obtains oxygen, 
from the atmosphere, which is partly composed of that element. 
The oxygen combines with the amalgam of the rubber, which is of 
a metallic nature, much in the same way as the oxygen of the acid 
combines with the zinc in the Voltaic battery, and it is thus that the 
two electricities are disenffaged. 

CaroHne. But if the electricities of both machines are similar, 
why not use the common machine for chemical decompoaitions ? 

Mrs. B. Though its effects are similar to those of tha Voltaic 
battery, they are incomparably weaker. Indeed Dr. WoUaston, in 
using it for chemical decompositions, was obliged to act upon the 
most minute (quantities of matter, and though the result was satia^ 
fectory in proving the similarity of its effect to those of the Voltaio 
battery, these efl^ts were too small in extent to be in any consid' 
erable degree applicable to chemical decompositions. 

Caroline. Ilow terrible, then, a shock must be from a Voltaie 
battery, since it is so much more powerful than an electrical mar 
chine. » 

Mrs. B. It is not nearly so formidable as you think ; at least it is 

374. How does the degree of heat in the electric spark compare with 
that produced by other means ? 

375. What proves that the electricity in the Voltaic battery is of the 
same nature as that of the common electrical machine ? 

^ 376. How do the rubber of the common electrical machine and the 
zinc in the Voltaic battery produce the same electricities ? 

377. How does the rubber obtain oxygen, in the use of the commoa 
electrical machine ? 

378. Wh^ is not the common elaot r ical machine used for lA ^ m iffJ 
decompositions^ 
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by BO meaQB proportional to the chemical effect. The ^eat sape- 
riotity of the Voltaic battery consists in the large quanMy of e]eo* 
tricity that passes : but in regard to the rapidity or intensity of the 
charge, it is greatly surpassed by the common electrical machine. 
It would seem that the shock or sensation depends chiefly upon the 
intensity ; whilst, on the contrary, for chemical purposes, it is 
quantity which is required. In the Voltaic battery, the electricity, 
though copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma* 
chine will pass through any space of water. 

Caroline. Would it not be possible to increase the intensity of the 
V oltaic battery till it should equal that of the common machine ? 

Mrs, B, It can actually be increased till it imitates a weak elec- 
trical machine, so as to produce a visible spark when accumulated 
in a Leyden jar. But it can never be raised sufficiently to pass 
through any considerable extent of air, because of the ready coq»* 
mnnication through the fluids employed. 

By increasing the number of plates of a battery, you increase its 
intensiiy, whilst, by enlarging the dimensions of the plates, you 
augment its qiumtity — ^and as the superiority of the battery over the 
common machine consists entirely in the quantity of electricity pro- 
duced, it was at first supposed that it was the size, rather than the 
number of plates that was essential to the augmentation of power. 
It was, however, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, even when of a very moderate size^ 
was sufficiently copious, and that the chief advantage in this appa- 
ratus was obtained by increasing the intensity, which, however, 
still falls very far short of that of the common machine. 

1 should not omit to mention, that a very splendid, and at the 
same time, most powerful battery, was a few years ago constructed 
under the direction of Sir H. Davy, which he repeatedly exhibited 
in his course of electro chemical lectures. It consists of two 
thousand double plates of zinc and copper, of six square inches in 
dimensions, arranged in troughs of Wedgwood- ware, each of which 
contains twenty of these plates. The troughs are furnished with a 
contrivance for Hfling the plates out of them in a very convenient 
and expeditious manner.* 

* A model of this mode of construction is exhibited in (Fig. 15.) 
Note. In consequence of the discoveries of Prof. Hare, of Phit 
adelphia, the preisent theory of galvanism must probably undergo 
a raoical change. This gentleman has invented a new method of 
extricating the voltaic influence, by so connecting the plates that in 
eflfect only, two great surfaces of the metals are presented to each 
oUier. fiy thk arrangement, the galvanic action on different sub- 

379. Id what does the superiority of the Voltaic battery consiBt? 

380. In what respect does the common electrical machine surpass 
the Voltaic battery ? 

381. What is the difference in the action of the Voltaic batteiy, 
whether the number of plates is increased or their size is enlarged f 

383* How extensive was the large battery constructed by Sir H. 
Davy? 

383, What American ckamist.has ditthiguished hinwHf hf discaveriea 
m galvanism f 



Canlatr. WeQ. nov that we ni 
of the Vohair latunr. 1 k>az to he*r an a 
disrorerics to which it faia siim rise. 

Mrr. B. VoD must resnaio Tonr impatience, mj dear, for I caniMt 
viib anv pTophet J intradiine ilie subjM;! of these ditmTeiiea till we 
ojme to ihem in the recnlai iMurae of om studies. There is, bov- 
erer. a recent diwieiy respedine the Voltaic pile, which, though 
not immediaiglj foanfgtgd with chgrnittiT, ia too curioue to be piwod 
orer id silence. It rebtea lo Uie influeDce of electiici^ on magiiet- 
ism. IupIt discoTered bra Daoisfa philosopher, Hi.Orasled. 

Cariihne. What! aaimal magnetiBD.' I have often bnaid of m^- 
netic Incioisj but I thought ibeie w«s no mth in thnn. 

.Uri.fi. > or is there: it ia onlr the magnetic Rttdfe to whidi I 
allude. You alreadv kcov Bometliinff of the wonderful ptopertj 
of the maenetic nee^e to direct one M its extremities towarda the 
Datih : sod you mav easily conceive how iuieiesting ait; new &et 
lelaiice lo thi» truly mvsteiiouB aeent, mnat be to science. The 
principle tact is this : If a Voltaic Battery be so placed as to hate il« 
negaDTc pole directed towards the south and its poMtiTQ one towaida 
the ETorth, a commimication bein^ at the same trnxt established orcr 
the battery, between iisiwo poles, by means of metallic wire* ; ud 
if a magoetic needle be suspended junt ahore the wire, and in ■ 
parallel direction, the needle will immediately nMve rooud npon ill 

stances, has presented some new phenomena. Tliia calorific principle 
is immensely increased, while the electric aback is hardly lo be pei- 
ceived. Prof. Haie has ttaioed this new apparatus cahrimeier, or he«t 
mover. The new views which he has been induced lo offer, seem 
to be confirmed by 
the action of the ^ 
calorimeter, 
that galvsoisa 
compound of elec- I 
tricity and c^oric. 
This theory- it ia 
obrious, will set 
aside many of 
the principles laid 
down in the fore- 
going chapter- — ,==^ 

scitption of the ca- ' ' ^-. ■■-»»■■-» .■^_m ja>. 



Fig. 15. 
° Fig. 15. Voltkie Baonr of Impnired « 




lorimeter, is pob- 
lished in Silliman's 
Journal, with ob- 
servations by the 
Editor ; also in 
Hare^a edition of 
Chemistry.— C. ~ 

•■ J?,"'"' ^<*» f« recent diKOTery mule by Mr. Oerateid n 
b. What u the principle fsct connected with thii diwjovery ' 
381. fFtel <(mi Jfr. /bn fimoM OoItHMMi «• ier 
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pivot, Its northern extremity directing itself towards the west, more 
or less according to the energy of the pile, while on the other hand, 
if the magnetic needle be placed below the voltaic conductor, it 
will likewise beffin to move round, but its north pole will, in this 
case point towards the east. 

Emihf, How curious this is ! and pray how is this singular efiect 
explained ? 

Mrs, B, It is one of the most intricate points of natural science, 
and one upon which philosophers can yet offer but very uncertain 
conjectures. Several of the most eminent scientific men, however, 
are earnestly engaged in investigating the subject ; and it is to be 
hoped, that some important discovery may yet be made. In the 
mean time, they have already ascertained many curious facts illus- 
trative of the influence which electricity and magnetism exert 
upon each other, one of the most striking of which is, that if a steel 
needle be placed transversely upon the conductor of the Voltaic 
pile in action, the needle will, in a few seconds, become msignetic, 
so as to be capable of attracting and repelling iron like magnets. 
Or if any portion of the conducting wire be turned into a spiral, 
and a needle laid within its coils, but so as not to touch them, it 
will immediately become ma^etic, as I shall easily show you the 
first tio^e we set the Voltaic pile in action ; for it is now too much 
exhausted to produce the effect in question. We shall therefore 
here terminate this conversation, which has been already sufficiently 
long and difficult. 



CONVERSATION VI. 



ON OXTOEN AND NITROOSN. 



Mrs, B, To day, we shall examine the chemical properties of 

ATMOSPHERE. 

Caroline, I thought that we were first to learn the nature of 
ozTOEir, which comes next in our table of simple bodies ? 

Mrs, B, And so you shall ; the atmosphere being composed of 
two principles, oxtgen and niirogen, we shall proceed to ana- 
lyze it, ana consider its component parts separately. 

I^rmbf, I always thought that the atmosphere had been a very 
complicated fluid, composed of all the variety oi exhalations from 
the earth. 

Mrs, B, Such substances may be considered rather as heteroge- 
neous and accidental, than as forming any of its component parts ; 
and the proportion they bear to the whole mass is quite inconsid- 
erable. 

Atmospherical air is composed of two gases, known by the 
names of oxygen gas and nitrogen or azotic oas. 

Emily, Pray, what is gas ? * 

• All kinds of air differing from the atmosphere, are called by 
tliis name. — C. 



c. What otufr fuels liavc been observed on this sabject' 
;fe3r>. Of what is the at.nosphon^ coini>oBed? 
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My. B. The name of gas is giTen to any fluid capable of exist- 
ing constantly in an aeriform state, under the pressore and at the 
temperature of the atmosphere. 

Caroline. Is not water, or any other substanee when eraporated 
by heat, called gas ? 

Mrs, B, No my dear ; va^r is, indeed, an elastic fluid, and bean 
a strong resemblance to a gas ; there are, however, several points 
in which they essentially d&er, and by which you may alwatys dis- 
tinmiish them. Steam, or vapor, owes its elasticity mefenr to a 
hi^ temperature, which is equal to that of boiling^ water. And it 
diners from boiling water <mly by being unit^ with more caloiic, 
which as we before explained, is m a latent state. When steam is 
cooled, it instantly returns to the form of water ; but air, or eas, 
has never yet been rendered liquid or solid, by any degree of cold. 

Emily, But does not gas, as well as vapor, owe its elasticity to 
caloric ? 

Mrs, B, It is the prevailing opinion ; and the difierence between 
gas and vapor is thought to depend on the different manner, in 
which caloric is united with the basis of these two kinds of elastic 
fluids. In vapor it is considered as in a latent state ; in gas, it is 
supposed to be chemically combined.' 

Emily, When you speak, then, of the simple bodies, oxygen and 
nitrogen, you mean to express those substances which are the bases 
of the two gases ? 

Mrs. J?., Yes, in strict propriety; for they can properly be called 
gases, only when brought to an aeriform state. 

Caroline, In what proportions are they combined in the atmos- 
phere ? 

Mrs, B, The oxygen gas constitutes a little more than one fiflh, 
and the nitrogen gas a litUe less than four fifths.* When separated, 
they are found to possess qualities totally different from each other. 
For oxygen gas is essential both to respiration and combustion, 
while neither of these processes can be performed in nitrogen gas. 

Caroline. But if nitrogen gas is unfit for respiration, how aoe& iX 
happen that the large proportion of it which enters into the compo- 
sition of the atmosphere is not a great impediment to breathing ? 

Mrs. B. We should breathe more freely than our lungs could 
bear, if we respired oxygen gas alone. The nitrogen is no impedi- 
ment to respiration, and probably on the contrary, ansWers somo 
useful purpose, though we do not know in what manner it acts in 
that process. 

♦ In 100 parts of the atmospheric air, there is 21 of oxygen and 
79 of nitrogen. — C. 

386. What is a gas? 

387. What is the difference between vapor and gas ? 

388. To what does vapor owe its elasticily ? 

389. To what do the gases owe their elasticity ? 

390. When may oxygen and nitrogen be called gases ? 

391. What is an essential difference between oxygen and nitrogen, 
YfheiL separated ? 

392. If nitrogen gas is unfit for respiration, how does it happen, thtt 
the large proportion of it, which enters into atmospheric air, does not 
cause an impediment in breathing? 
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Emily, And by what means can the two gases, which compose 
the atmospheric air, be separated ? 

Mrs, B, There are many ways of analysing the atmosphere : the 
two gases may be separated first by combustion. 

l£iily. You surprise me ! how is it possible that combustion 
should separate them ? 

Mrs, B. I should previously inform yon, that til] within a few 
years, oxygen was supposed to be the only simple body naturally 
combined with negative electricity. Sir H. Davy has smce added 
chlorine and iodine to that number, but they are bodies of inferior 
importance. In all the other elements the positive electricity pre- 
Tails, and they have consequently, all of them, an attraction for 

oxygen.ft 

Caroline, That surprises me extremely; how then are the 

combinations of the other bodies performed, if, according to your 

explanation of chemical attraction, bodies are supposed only to 

combine in virtue of their .opposite states of electricity ? 

Mrs, B, Compound bodies, in which oxygen prevails over the 
other component parts, are also negative, but their negative energy 
is greater or less m proportion as the oxygen predominates. Those 
compounds into which oxygen enters in. less proportion than the 
other constituents, are positive, but their positive energy is dimin- 
ished in proportion to the quantity of oxygen which* entenS into their 
composition. 

Bodies, therefore, that are not already combined with oxygen, 
will attract it, and under certain circumstances, will absorb it Irom 
the atmosphere, in which case the nitrogen gas will remain alone, 
and may tnus be obtained in its separate state. 

Caroline, I do not understand how a gas can be absorbed-! 
• Mrs, B, It is only the oxygen, or basis of the gas, which is 

f If chlorine or oxjrmurifeitic gas be a simple body, according to 
Sir H. Davy's view of the subject, it must bo considered an excep- 
tion to this statement ; but this subject cannot be discussed till the 
properties and nature of chlorine come under examination. 

f The hypothesis that combustion, as well as chemical affinity are 
electrical phenomena, was first proposed by Berzelius of Stockholm. 
The theory is shortly this. In all eases where the particles of 
bodies have a chemical attraction for each other, they are in opposite 
states of electricity, and the force of their union is in proportion to 
the intensity of these electrical states, since it is this which forces 
them to unite. Thus the particles of an acid and an alkali unite, 
because one is strongly negative and the other strongly positive. 
In case of combustion, these different states are still more intense, 
oxygen always being the negative state, and the combustible 
in the positive, and when a union takes place, heat and light is 

393. Can the two gases that compose the atmospheric air be separat- 
ed ? 

394. Jn what proportion are oxygen and nitrogen combined in atmos' 
pkeric air t 

395. What causes negative electricity ? 

396. How can combustion separate tnem ? 

397. How is caloric produced in combustion ? 

396. What U the theimf of eomhusUon proposed h^ BerxctiMiY 

9* 
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absorbed ; and the two electricities eanping, that s to sqr, the 
nei?atire from the oxygen, the pontJTe from the bnmbig body, 
imite aod produce caloric. 

£>/ufy. And what becomes of this ealone ? 

Mrs. B. We ehall make this piece of dry wood altnet QTOCn 
from the atmosphere, aod von will see what bw mi iwi of the eakne. 

Caroliwf. \ ou are joking, Mrs. B. ; yoa do not mean to deemi- 
pose the atmosphere with a piece of dry sii^ ? 

Mrs. B. Not the whole body of the aimo^lme, eertainlv ; but if 
we can make this piece of wood attnct any qnaiitiiv of ozygea 
from it, a proportional quantity of BtmospfaeziciJ azr will be deooD- 
IKised. 

Caroline, If wood has so strong an attraction for oxygen, why 
does it not decompose the atmosphere spontaneondy ? 

Mrs. B. It is found by experience that an eleration of tempenh 
ture is required foi the oonunencement of the onion of the oxygen 
and the wood. 

This ele\'ation of temperature was formerly thoogbt to be neces- 
sary, in order to diminish the cohesive attraction of the wood, and 
enalfle the oxygen to penetrate and combine ^ith it more readily. 
hut since the introduction of the new theory of chemical eombins- 
tion, another cause has been assigned, and it is now supposed that 
the liigh temperature, by exalting the electrical energies of bodies, 
and consequently their force of attraction, facilitates thor oombhia- 
tion. 

Emily. If it is true that caloric is composed of the two electricities, 
an elevation of temperature most necessarily augment the electric 
energies of ix>dies. 

Jw's. B. I doubt whether that would be a necessary cmisequence; 
for admiltinc' this composition of caloric, it is only by being decom- 
i>owjd tliat electricity can be produced. Sir H. Davy, however, in 
Ills numerous experiments, has found it to be an almost invariable 
rule, that the electrical energies of bodies are increased by elevation 
of temperature. 

Wliat means, then, shall we employ to raise the temperature of 
the wood, BO as to enable it to attract oxygen Irom the atmosphere ? 

Caroline. Holding it near the fire, [ should think, would answer 
the purprMse. 

Mrs. /y. It may, provided you hold it sufficiently close to the fire; 
for a very considerable elevation of temperature is required. 

Caroline. It has actually taken fire ; and yet I did not let it toucb 
Uio coals, but I held it so very close that I suppose it caught fiie 
merely from the intensity of the heat. 

Mrs. B. Or you might say, in other words, that ihe caloric which 

the consequence. This theory is not well proved, nor generally 
adopted.— <^. 

399. If wood has a strong attraction for oxygen, why does it not de- 
compose tbo air spontaneously ? 

4(K). Why in it necessary to heat a combustible substance to make 
U burn ? 

401. Are the electrical energies of bodies increased by elevation of 
temperature ? 

402. Why will a piece of wood when held neai the fire, bum, al 
Ihovgb it does not touch the coals ' 
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the wood imbibed, so much elevated its temperature, and exalted its 
electric energy, as to enable it to attract oxygen very rapidly from 
.the atmosphere. 

Emily, Does the wood absorb oxj^en while it is burning ? 

Mrs, B, Yes ; and the heat and lignt are produced by the union 
of ti^ two electricities which are set at liberty, in consequence of 
the oxygen combining with ^e wood. 

CaroSne, You astonish me ! the heat of a burning body proceeds 
then as much from the atmosphere as from the body itself? 

Mrs. B. It was supposed that the caloric given out during com- 
bustion, proceeded entirely, or nearly so, from the decomposition 
of the oxygen gas ; but according to Sir H. Davy's new view of 
the subject, both the oxygen gas and the combustible bodjr concur 
in supplying the heat and light, by the union of their opposite elec- 
tricities. 

Emity, I have not yet met with any thing in chemistry that has 
surprised or delighted me so much as this explanation of combus^ 
tion. I was at &st wondering what connexion there could be be- 
tween the affinity of a body for oxygen, and its combustibility ; but 
1 think I understand it now perfectly. 

Mrs, B, Combustion, then, you see, is nothing more than the 
rapid combination of a bq^y with oxygen, attended by the disen- 
gagement of light and heat. 

ihnb/. But are there no combustible bodies whose attraction for 
oxy^n is so strong, that they will combine with it, without the 
application of heat ? 

Caroline, That cannot be; otherwise we should see bodies 
burning spontaneously. 

Mrs, B, But there are some instances of this kind, such as 
phosphorus, potassium, and some compound bodies, which I shall 
hereafler make you acquainted with. These bodies, however, are 
prepared by art, for in general, all the combustions that could occur 
spontaneously, at the temperature of the atmosphere, have already 
taken place ; therefore new combustions cannot nappen without the 
temperature of the body being raised. Some bodies, howevei;, 
will bum at a much lower temperature than others. 

Caroline, But the common way of burning a body is not merely 
to approach it to one already on fire, but rather to put the one in 
actual contact with the other, as when I bum this piece of paper by 
holding it in the flame of the fire. 

Mrs, B, The closer it is in contact with the source of caloric, 
the sooner will its temperature be raised to the degree necessary 
ibr it to burn. If you hold it near the fire, the same efiect will be 
produced ; but more time will be required, as you found to be the 
case with the piece of stick. 

Emily, But why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tric energy of tne wood, which is required to enable it to combine 
with the oxygen ? 

403. When a substance burns, what does it absorb ? 

404. How are heat and light produced ? 

405. What is combustion P 

406. Why do not bodies burn spontaneously .' 

407. What are instances of combustion without a previooa iufttesae 
of temperature .' 
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Afiry . B. The calonc which is gndnaJlj prodoeed liy the two 
electricities duriog combostioa kwps up the tempentoie itf the 
burning body ; so that when once combustion has begun, no fiutfaer 
applic&on of caloric is required. 

Carohne. Since I have leamt this woodeiful theoij of .eombas- 
tion, I cannot help gazine at the fire ; and I can acaioely eooeeife 
that the heat and light which I always supposed to proceed entiiely 
firom the coals, are really produced as mudi by the atmospheie. 

EmUy, When you blow the &e, you increase the eonioostioa, 1 
suppose, by supplying the coals with a greater quantity of ozygen 
gas. 

Mrs. B. Certainly ; but of course no blowing will produce com- 
bustion, unless the temperatore of the coals be first nised. A sin- 
gle spark, however, is sometimes sufficient to produce that efiect ; 
for, as I said before, when once combustion has commenced, the 
caloric disengaged is sufficient to elcYSte the temperature of the 
rest of the lx)dy, provided that there be a free aoceas of ozyeen. 
It however sometimes happens, that if a fire be ill made, it wiU be 
extinguished before all the ^el is consumed, firom the very circum- 
stance of the combustion being so slow that the caloiic disengaged 
is insufficient to keep up the temperature of the fioiel. You most 
recollect that there are three things required in order to produce 
combustion ; a combustible body, oxygen, and a temperature at 
which the one will combine with the other. 

Emily. Tou said that combustion was one method of decomposing 
the atmosphere, and obtaining the nitrogen gas in its simple state; 
but how io you secure this gas, and prevent it finom mixing with 
the rest of the atmosphere ? Fig. 16. 

Mrs. B. It is necessary for this purpo>8e to 
bum the body \iithin- a close vessel, which is 
easily done. — We shall introduce a small light- 
ed taper under this glass receiver, which stands 
in a basin over water, to prevent all communi- 
cation with the external air.* 

Caroline. How dim the light bums already ! 
It is now extinguished. 

Mrs. B. Can you tell us why it is extinguish- 
ed ? 

Caroline. Let me consider. — ^The receiver 

wasfiill of atmospherical air; the taper, in combartionofataper 
'~^~~" under a receiver. 

• To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 

408. Why is it not necessary to continue applying caloric throughout 
the process of combustion, in order to keep up the electric energy of 
the wood, which is required to enable it to combine with the oxygen ? 

409. Why does blowing the fire increase combustion ? 

410. Why will fire be sometimes extinguished before all the wood is 
consumed ? 

411. What three thingrs are necessary to produce combustion ? 

412. Why will a burnm^ tajjer placed under a glass receiver, as in 
figure 16, soon become extinguished ' 
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burning within it, must have combined with the oxygen contained 
in that air, and the caloric that was disengaged produced the light 
of the taper. But when the whole of the oxygen was absorted, 
the whole of its electricity was disengaged ; consequently no more 
caloric could be produced, the taper ceased to burn, and the flame 
was extinguished. 

Mr$. B. Your explanation is perfectly correct. 

linify^ The two constituents of the oxygen gas being thus dis- 
posed of, what remains under the receiver must be pure nitrogen 
gas, 

Mrs, B. There are some circumstances which prevent the nitro- 
gen gas thus obtained, from heins perfectly pure; but we may 
easily try whether the oxygen has disappeared, by putting another 
lighted taper under it. — ^Y ou see how instantaneously the flame is 
extinguished, for want of oxygen to supply the negative electricity 
required for the formation pf <^oric ; and were you to pu^ an am- 
maJ under the receiver it would be immediately suffocated. But 
that is ah experiment which I do not think your curiosity will tempt 
you to try. 

EmUy, Certainly not. But look, Mrs. B., the receiver is full of 
a thick white smoke. Is that nitrogen ^as ? 

Mrs, B. No, my dear ; nitrogen gas is perfectly transparent and 
invisible, like cominon air. This cloudiness proceeds from a variety 
of exhalations,' which arise from the burning taper, the nature of 
which you cannot yet understand. 

Caroline, The water in the receiver has now risen a little above 
its level in the basin. What is the reason of this ? 

Mrs, B, With a moment ^s reflection, I dare say you could have 
explained it yourself. The water rises in consequence of the 
oxygen gas within it having been destroyed, or rather decomposed, 
by the combustion of the taper. 

Caroline, Then why did not the water rise immediately when 
the oxygen gas was destroyed ? 

Mrs. B. Because the heat of the taper, whUst burning, occa- 
sioned a dilatation of the air in the vessel, and a production of 
carbonic acid, which at first counteracted this effect. 

Another means of decomposing the atmosphere is the oxygenation 
of certain metak. I'his process is very analagous to combustion , 
it is, indeed $ only a more general term to express the combination 
of a body with. oxygen. 

Caroline, In what respect, then, does it dif!er from combustion ? 

Mrs, B, The combination of oxygen in combustion is always 

hard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Two or three inches of the taper can be 
fastened to a piece of wire, bent so that it will stand up.. Thus the 
experiment is easily made. — C. 

413. How long will it burn thus placed under a receiver.' 

414. What would be the consequence if an animal were placed Cmr 
der the receiver ? Why ? 

415. What is another method of decomposing the air? 

416. In what respect does oxygenation differ from the decomposition 
uf air by combustion ? 
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aooompanied by a disengagement of light and heat ; whibt tiiis 
circumstance is not a necessary consequence of simple ozygenatioQ 

OaroHne. But how can a body absorb oxygen without tiie com- 
bination of the two electricities which produce caloric ? 

Mrs, B, Oxygen does not always present itself in a gaseous fiom; 
it is a constituent part of a vast number of bodies, both sohd and 
liquid, in whicji it exists in a state of greater density than in the 
atmosphere; and from these bodies it may be obtained without 
much disenffagement of caloric. It may likewise, in some cans, 
be absorbeci from the atmosphere without any sensible production 
of light and heat ; for, if the process be slow the caloric is £aenffaged 
in such small quantities and so gradually, that it is not capable of ' 
producing either light or heat, in this case the absorption of oxj- 
gon is called oxygenation or oxydation, instead of comlmstum, as the 
production of sensible light and heat is essential to the latter. 

Emity, I wonder that metals can unite with oxygen; for,, as they 
arc so dense, their attraction of aggregation must be very great; 
and I should have thought that oxygen could never haye penetrated 
such bodies. 

Mrs, B, Their strong attraction for oxygen connterbalaDoes 
this obstacle. Most met^, however, require to be made red hot, 
before they are capable of attracting oxygen in any considerable 
quantity. By this comliination they lose most of their metalhe 
properties, and fall into a kmd of powder, formerly called oiZr, but 
now much more properly termed an oxyd; thus we have oaiyd <f 
lead, oxyd of iron, &c.* 

Emily, And in the Voltaic battery, it is, I suppose, an oxyd of 
zinc that is formed by the union of the oxygen with that metal. 

Mrs, B, Yes, it is. 

Caroline, The word oxyd, then, simply means a metal combined 
with oxjrgen. 

Mrs. B, Yes ; but the term is not confined to metals^ though 
chiefly applied to them. Any body whatever, that has combined 
with a certain quantity of oxygen, either by means of oxydation, 
or combustion, is called an oxyd, and is said to be oxydatea or oxy- 
genated, 

Emily, Metals, when converted into oxyds, become, I suppose, 
negative. 

Mrs, B, Not in general ; because in most oxyds the positive en- 
ergy of the metal more than counterbalances the native energy of 
the oxygen with which it combines. 
\This black powder is an oxyd of manganese, a metal which has so 

* Red Lead and Bust of Iron, — C. 

417. I>oes oxygen always exist in a gaseous state ? 

418. When is the absorption of oxygen called oxygenation, or oxyd- 
ation .' 

419. How can oxygen penetrate metals, since their attraction of ag- 
gregation is so great ? 

420. What is the chemical name for red lead and rust of iron ? 
431. What is an oxyd .? 

. 422. If oxyds are a combination of metals and oxygen, why are they 
not negative ? 
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strong an affinity for oxygen, that it attracts that substance from 
the atmosphere at any known temperature, it is Uierefore neyer 
found in its metallic form, but always in that of an oxyd, in which 
state, you see it has very little of the appearance, of a metal. It is 
now heavier than it was before 'oxydation, in consequence of the 
additional weight of the oxygen, with which it has combined. 

CaroKne. I am very glad to hear that ; for I confess I could not 
help having some doubts whether oxygen was really a substance, 
as it is not to be obtained in a simple and palpable state ; but its 
weij^ht is. Ir think, a decisive proof of its bemg a real body. 

Mrs. BI It is eas^r to estimate its weight by sepa^ting it from 
the manganese, and find how much the latter has lost'^ 

JEmify, But if you can take the oxygen from the metal shall we 
not have it in its lyalpable simple state ? 

Mrs, B, No iMpr I can only separate the oxygen from the 
manganese by presenting to it some other bod^ for which it has a 
greater affinity than for the manganese. Calonc affording the two 
electricities is decomposed, and on&.of them uniting with the oxy- 
gen, restores it to the aeriform state Jj 

Emihf, But you said just now, that manganese would attract 
oxygen from the atmosphere in which it is combined with the neg- 
.ative electricity ; how, therefore, can the oxygen have a superior 
afl&nity for that electricity, since it abandons it to combine with the 
manganese ? 

.mrs, B. I give you credit for this objection, Emily ; and the only 
answer I can make to it is, that the mutual affinities of metals for 
oxygen, and of oxygen for eliectricity, vary at difierent tempera- 
tures ; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, the former will be 
csompelled to part with the latter, when the temperature is further 
increased. Kl have put some oxyd of manganese into a retort,* 
which is an darthen vessel with a beat neck, such as you see here. 
(See Fig. 17, No. 1.) The retort containing the manganese you 
cannot see, as I have enclosed it in this furnace, where it is now 
red-hot. But, in order to make you sensible of the escape of the 
gas, which is itself invisible, I have connected the neck of the 
retort with this bent tube, the extremity of which is immersed in a 
vessel of water. rSee Fig.vl7, No. 2.) Do you see the bubbles o( 
air rise through the water ^ 

Caroline. Perfectly. Inis, then, is pure oxygen gas ? What a 
pity it should be lost. Could you not preserve it ? 

r To collect oxygen gas, take an oil flask, and having fitted a 
c(nJc to it, pierce the cork so as to admit a bent glass tube ; -(the 
bending is done over a spirit lamp.) Put into the flask some' black 
oxyd of manganese, and pour on sulphuric acid enough to make it 
into a paste. Then put in the cork and tube, and having connected 
the other end of the tube with a receiver in the tube of water, 
apply the heat of an Argand lamp/^— C. 

483. How can it be determined that oxvgen has weight ? 

424. How can oxygen be separated nrom manganese after having 
been oxydated ? 

425. Mow may jntre oxvgen he collected f 

496. How woold you aescnbe the experiment fepcesented in figovt 
17? 
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Mrt, B. We shall collect it in titis receiver. For this purpose, 
yoa observe, I fiiEt fill it with waUer, in order to esclode the atmos- 
pherical air ; uid then place it over the bubbles whi^ issne from 
iJie retort, so as to make them rise through the water to the upper 
part of the receiver. 

I^nili/. The babbles of oxygen gas rise, I snppoBe, frum theit 
specific levitj '. 

Mrs. B. Yes ; for though oxygen forms rather a heaTv g3s, it 
is light compared to water, You see how it gradually diaplaces the 
water from the rocciTer. It is now full of gas, and I may leareit 
iiiTerted in water on this shelf, where I can keep the gas as long 
IS I choose, for future experiments. This apparatus (which is 
iadiEpensable b all experiments in which gases are concerned,) is 
called a water bath.* 

Cn-oUne. It is a very clever contrivance, indeed; equally simpls 
and useful. How convenient the shelf is for the receiver to rest 
open under water, and the holes in it for the gas to pass into ths 
receiver? 1 long to make some experimenta with this apparatDs. 

Mrt. S. yl shall try your skill that way, when you have a little 
more experlmce. 1 am now going to show you an experinent, 
which proves, in a very striking manner, how esendal oxygen ia 
to combustion. You will see that iiwi itself will bum in this gas, 
b the most rapid and brilliant manner.^ 

* A common, large mzed wash tub, with a board 4 or 5 dkIim 
wide, fixed through the middle, and alwut 6 inches &om the top, 
and filled witii water, will answer very well for a great varie^ i^ 
experiments on the gBses. — C. 
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. Reall; 1 I did not know that it was posaible to bum iroo. 

Emih/, Iron ia a, simple body, and jon know, Caroline, that M 
Bintj^le Dodiea are< naturally positive, and therefore mast have an 
affinity for oiygen^ 

Jlfrj. £\_[rDn win, howevei, not bum in atmosphericaJ aii without 
& rerr great elevation of temperature ; but it ia eminently com- 
buBliblfl in pure oxygen gas; and what will surprise you adil 
more, it can be Bet on fire without any considerable rise of tem- 
perature. Yuu see this spiral iron wire.* — I t^en it at one end 
to this cork, which is made to lUl an opening at the top of the g1a» 



Fig. 18. 




Mrs. B. That is in order to prevent the 
gas from escaping : but I shall take out the 
stopper, and pu^ in the cork to which the wire 
hangs. Now I mean to bum this wire in the 
oxygen gas, but I must fix a small piece of 
lighted tmder to the extremity of it, m order 
tn give the Rrat. impulse to combiistian ; for, 
however powerful oxygen is in promoUng 
eomhustion, you must recollect that it cannot 
take place vrithoul some elevation of tempeta- 
tote. I shall now introduce the wire into the 



change the stoppers ? 

Mrs. B. Oxygen gas is a little heavier than atmosphencal air, 
Ibeiefore it *»ill not mix with it very lapidlyj and if I do not leave 
Ihe opening uncovered, we shall not lose any-" 

Carolou. Oh, what a brilliant and beautiml fiamel 

Emily. It is white and dazzling as Ihe sun I— Now a piece of the 
melted wire drops to the bottom ; I fear it is extinguished : but no, 
H bums again as bright as ever. 

Mri. B. lit will bum till the wire is entirely consumed, provided 
the oxygenMs not first expended ; for wu know it can bum only 
while there is oxygen to combine with it. 

CaroHiK. 1 never saw a mors beaofiful light. My eyes can 
hardly bear it ! How astonishing to think that all this caloric was 
contained in the email quantity of gas and iron that was enclosed 
in the receiver; and without producing any visible heat! 

limih/. How wonderiiilly quick combustion goes on in pure ozy- 

*The oombuation of steel, as a watch spring, is much more vivid 
than that of iron. This alTorda a very beautiful experiment, and in 
easily made after the oxygen ia collected. A bottle of white glitsa 
of a quart capacity does well as a receiver. An inch of water at 
the bottom will prevent its breaking. — C. 

429. Why bave all simple bodies an affinity for oxygen.' 

430. Will iron bum in oxygen gas without an elevation of tempera- 
tore? 

431. Which ii ligbteM, oxygen gaa or atmoapberical airF 

432. How long will a piece of iron bxan in oxygen gaa ! 
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gen gas ! But pray, are these drops of burnt iron as heavy as the 
wire was Ifefore ? 

Mrs, B4 They are even heavier ; for the iron in baming, has 
acquired exactly the weight of the oxygen which has disapTOaredi 
and is now combined with it. It has b^me an oxyd of irom 

Caroline, I do not know what you mean by saying that th^ 
oxygen has disappeared, Mrs. B., for it was always invisible. 

Mrs.B, True, my dear; the expression was incorrect. Bat 
though you could not see the oxygen gas, I believe you had no 
doubt of its presence, as the e^t it produced on the wire was 
sufficiently evident. 

Caroline. Yes, indeed ; yet you know it was the caloric, and not 
the oxygen^fas itself, that dazzled us so much. 

Mrs. 1b. I You are not quite correct in your turn, in saying the 
caloric dazzled you ; for caloric is invisible ; it a^cts only the sense 
of feeling ; it was the light which dazzled you.'i r 

Caroline. True ; but aght and caloric are sd^h constant compan- 
ions, that it is difficult to separate them, even in idea. 

Mrs. B, '.The easier it is to confound them, the more careful 
you should be in making the distinction j 

Caroline, But why has the water now risen and filled part of the 
receiver ? 

Mrs. B. Indeed, Caroline, I did not suppose you would have 
asked such a question ! * I dare say, Emily, you can answer it. 

Emily. Let me reflect . . . The oxygen has combined with the 
wire; the caloric has escaped; consequently nothing can remain 
in the receiver, and the water will rise to fill the vacuum. 

Caroline. I wonder that I did not think of that. I wish that we 
had weighed the wire and the oxygen gas before the combustion ; 
we might then have foimd whether the weight of the oxyd was 
equal to that of both. 

Mrs. B. You might try the experiment if you particularly wished 
it ; but I can assure you that if accurately performed, it never ^s 
to show that the additional weight of the oxyd is precisely equal to 
that of the oxygen absorbed, whetlier the process has been a real 
combustion or a simple oxygenation. 

Caroline. But this cannot be the case with all combustions in 
general ; for when any substance is burnt in the common air, so &r 
nrom increasing in weight, it is evidently diminished, and sometimes 
entirely consumed. 

Mrs. B. But what do you mean by the expression cansumedf 
You cannot suppose that the smallest particle of any substance in 
nature can be actually destroyed. ^ A compound body is decomposed 
by combustion ; some of its constituent parts fly off in a gaseous 
form, while others remain in a concrete state ; the former are called 
fhe volatile, the latter the fixed products of combustion. But if we 
eollect the whole of them, we shall always find that they^xceed the 

433. Why will the component parts of a compound body that has 
been decomposed by combustion, weigh more than the compound body 
f^d ? 

434. What is the impropriety in saying that a person is dazzled by 
•aloric? 

435. Can a particle of any substance be actually destroyed ' 

436. What is the fixed product in combustion ? 
4B7, What is the volatile product in combustion ' 
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weiffht of the combustible body, by that of the oxygen whidi has 
ofHnbined with them during combustion. 

JBmify. In the combustion of a coal fire, then, I suppose that the 
ashes are what would be called the fixed product, and the smoke 
the volatile product ? 

Mrs. jB. .Yet when the fire bums best, and the quantity of vola- 
tile product^ should be the greatest, there is no smoke; but how 
can you account for that ? 

limly. Indeed I cannot ; therefore I suppose that I was not right 
in nnr conjecture. 

Mrs. B. Not qiiite ; ashes, as you supposed, are a fixed product 
of combustion ; but smoke, properly speaking, is not one of the 
volatile products, as it consists of some minute imdecomposed par* 
tides of coals which are carried off by the heated air without roing 
burnt, and are either deposited in the form of soot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
products of combustion. /As you may easily conceive that the 
stronffer the fire is, the lem smoke is produced, because the fewer 
particles escape combustion. On this principle de{>ends the inven- 
tion of Argand's Patent I^amps ; a current of air is made to pass 
through the cylindrical wick of the lamp, by which means it is so 
plentuully supplied with oxygen, that scarcely a particle of oil 
escKipes combustion, nor is there any smoke proauced. 

Imify, But what then are the volatile products of combustion ? 

jy^. B, Various new compounds with which you are not yet 
acquainted, and which being converted by caloric either into vapor 
or gas, are invisible : but they can be collected, and we shall exam- 
ine them at some future period. 

CaroUne. There are then other gases, besides the oxygen and 
nitrogen gases? 

Mrs. B. Yes, several ; any substance that can assume and main- 
tain the form of an elastic fluid at the temperature of the atmos- 
phere, is called a gas. We shall examine the several gases in their 
respe<kive places ; but we must now confine our attention to those 
which compose the atmosphere. 

1 shall show you another method of decomposing the atmosphere, 
which is very simple. Qn breathing, we retain a portion of the oxy- 
gen, and expire the nitrogen gas : so that if we breathe in a closed 
vessel, for a certain length of time, the air within it will be deprived 
of its oxygen gas. ! Which of you will make the experiment ? 

CaroUne. I shduld be very glad to try it. 

Mrs. B. Very well ; breathe several times through this glass 
tube, into the receiver with which it is connected, until you feel 
that your breath is exhausted. 

CaroUne. I am quite out of breath already ! 

Mrs. B. Now let us try the gas with a lighted taper. 

Ihdly. It is very pure nitrogen gas, for the taper is immediately 
extinguished. 

Mrs. B. That' is not a proof of its beinff pure, but only of the 
absence of oxygen, as it is that principle alone which can produce 
combustion, every other gas being absolutely incapable of it.* 

* This does not agree with the opinion that chlorine and iodine are 
simple bodies, since th ey are both supporters of combustion.— -C 

438. Why is there no smoke when the &ie burna\>eE\.^ 

439. How can the atmosphere be decompoeed by \>ie«tiEaii%^ . 
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Enufy. In the methodB whkh joa hmre shown os, fordeoooh 
posing the atmosphere, the oxygen always abandons the nitrogen ; 
oat is there no way of taking the nitrogen firom oxygen, so as to 
obtain the tatter pnro firom the atmosphere t 

Mrs. B, ■' Tou must observe, that whenever oxygen is taken from 
the atmospEere, it is by deconqposing the oxygen gas : we cannot 
do the same with the nitrogen jpas, because nitrogen ^fas has a 
stronger affinity for caloric uan ror any other known prmciple ; it 
appears impossible, therefore, to separate it firom the atmo^here 
by the power of affinities. *\ But if we cannot obtain the oxygen gas 
by this means, in its sepaihite state, we have no difficulty, (as you 
have seen) to procuro it in its gaseous form, by taking it fifom those 
substances that have absorbed it from the*atmosphero, as we did 
with the oxyd of manganese. 

Endiy. Can atmospherical air be recomposed, by mixing due 
proportions of oxvj^n and nitrogen gases ? 

Mrs. B. Yes ;/u 'about one part of oxygen ^as be mixed with 
about four JP^^rts of^ nitrogen gas, atmospherical air is produced.r 

EmUy. The air, then, must be an oxyd of nitro^^en ? ^ 

Mrs, B. No, my dear ; for it requires a chemical combination 
between oxygen and nitrogen in order to produce an 03cyd ; whilst 
in the atmosphere these two substances were separately comlnned 
with caloric, forming two distinct gases, which are simply mixed 
in the formation of the atmospherej 

I shall say nothing more of oxyg^i and nitrogen, at present, aB 
we shall continually have occasion to refer to them, in our future 
conversations. ■ They are both very abundant in nature ; nitrogen 
is the most plentiful in the atmosphere, and exists also in all ani* 
mal substances ; oxygen forms a constituent part both of the animal 
and vegetable lung^oms, from which it may b^ obtained by a vtoiety 
of chemical means. But it is now time to conclude our lesson, l 
am afiraid^ you have learnt more to-day than you will be able to 
remember:^ 

Caroline^ I assure you that I have been too much interested in 
it, ever to forget it. In regard to nitrogen there seems to be but 
little to remember; it n^es but a very insignificant figure in 
comparison to oxygen, although it composes a much larg^er portion 
of the atmosphere. 

Mrs, B. Perhaps this insigmificance you complain of, may* arise 
from the compound nature of nitrogem for though I have hitherto 
considered it as a simple body, because it is not known in any natu- 
ral process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to he reason for suspecting that nitrogen is a 

* The proportion of oxygen in the atmosphere varies firom SI to 
22 per cent. 

440. Why may not oxygen be taken from the atmosphere so as to 
leave the nitrogen pure ? 

441. How can atmospheric air be produced by the union of oxygen 
and nitrogen ? 

442. Why is not the union that takes place between oxygen and 
nitrogen in the production of atmospheric air, an oxyd .' 

443. Where do oxy^n and nitrogen exist .** 

444. Is nitrogen a smiple or a compound substance ^ 



HTDROOEN. 109 

compound body, as we shall see afterwards. But even in its sim- 
ple state it will not appear so insignificant when you are better ac- 
quainted with it ; for tnough it seems to perform out a passive part 
in the atmosphere, and has no very strikmg properties, when con- 
sidered in its separate state, yet you will see by and by what a very 
important agent it becomes when combined wim other bodies. But 
no more of this at present ; we must reserve it for its proper place. 
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Caroline. The next simple bodies we come to are chlobikts and 
IODINE. Pray, what kind of substances are these ? Are they also 
invisible ? y' 

Mrs, B,{No ; for chloriiue, in a state of gas, has a distinct green- 
ish color, aiid is therefore visible ; and iodine, in the same state, 
has a beautiful claret-red color. These bodies, I have already in- 
formed you, are, like oxygen, endowed with the negative electrici- 
ty ; but the explanation of their properties, implies various consid- 
erations, which you would not yet be able to understand ; we shall 
therefore defer their examination to some future conversation, and 
we shall go on to the next simple substance, htdrogeit, which 
we cannot, any more than oxygen, obtain in a visible or palpable 
form. We are acquainted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 

CaroHne, But in its g^aseous state it cannot be called a simple 
substance, since it is combined with heat and electricity ? 

Mrs. B. True, my dear ; but as we do not know m nature, of 
any substance which is not more or less combined with caloric and 
electricity, we are apt to say that a substance is in its pure state 
when combined with those agents only. 

Hydrogen was formerly csQled iitflammable^rj as it is extremely 
combustible, and burns with a great flame. ijSince the invention of 
the new nomenclature, it has obtained the name of hydrogen, which 
is derived irom two Greek words, the meaning of which is to pro- 
dtux waier^ 

JEhrUb/. ,^d~how does hy^ogen produce water ? 

Mrs. B.lBy its combustion^ AVater is composed of 89 parts, by 
weight of oxygen, combined with 11 parts of hydrogen; oi^ of two 
parts, by bulk, of hydrogen gas, to one part of oxysen gas^ 

CaroUne. Really ! is it possible that water should be a combina- 
tion of two gases, and that one of these should be inflammable air ! 
Hydrogen must be a most extraordinary gas that will produce both 
fire and water. 

JEmUy. But I thought you said that combustion could take place 
in no gas but oxygen ? 

445. Of what color are chlorine and iodine ? 

446. What does the term hydrogen signify ? 

447. What was it formerly oalled ? 

448. How does hydrogen produce water ? 

449. In what proportions do oxygen and bydiog|mQoii^ti&\A^^^ 
dace WMter.^ * 

10* 
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Mr$, B. Do yoa recollect what the process of comlnistion oonsiMf 

in? 

Emily, In the combinatioa of a body with oxygen, with disen- 
gagement o^ light and heat. 

Mrs, B. I Therefore, when I say that hydrogen is combustible, I 
mean that ft has an affinity for oxygen ; but, like all other combus- 
tible substances, it cannot bum uj^ess supplied with oxyg^i, and 
' also heated to a proper temperature N 

Caroline, The simply mixing 11 -parts of hydrogen, with 89 parts 
of oxygen gas, will not, therefore, produce water; 

Mrs. B. No; Water being. a much denser flmd than gases, Ip 
order to reduce piese gases to a liquid, it is necessary to diminish 
the c|[uantity of caloric or electricity which maintains them in an 
elastic form. 

Emily. That I should think might be done by oombming the 
oxygen and hydrogen together ; for in combining, they would gi^e 
out their respective electricities in the form of eedoric, and by this 
means woula be condensed. « ^'' ' 

Caroline, But you forget, Emily, that in order to make the 
oxygen and hydrogen combine, you must begin by eleyating their 
temperature, which increases, instead of diminishes their electiie 
energies. 

Mrs. B. Emily is, however, right ; for though it is necessary to 
raise their temperature, in order to make them combine, as that 
combination affords them the means of parting with their electrici- 
ties, it is eventually the cause of the diminution of electric energy. 

Caroline. You* love to deal in paradoxes to day, Mrs. B. Firo, 
then, produces water. 

Mrs. B. The combustion of hydrogen gas certainly does ; but 
you do not seem to have remembered the theory of combustion so 
well as you thought you would. Can you tell me what happens in 
the combustion of hydrogen gas ? 

Caroline. The hydrogen combines with the oxygen, and their 
opposite electricities are disengaged in the form of caloric. Yes, I 
think I understand it now-^by the loss of this caloric, the gases are 
condensed into a liquid. 

Emihji, Water, then, I suppose, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into hy- 
drogen and oxygen gases. / 

Mrs. B, No, my dear; there you are quite mistaken > the de- 
composition of water is totally different from its evaporation ; for 
in the latter case, (as you should recollect,) water is only in a stal6 
of very minute division ; and is merely suspended in the atmosphere, 
without any chemical combination, and without any separation of its 
constituent parts. As long as these remain combined, they form 
WATER, whether in a state of liquidity > or in that of an elastic fluid, 
as vapor, or under the solid form-of ice. 

450. When it is said that hydrogen is combustible, what is in- 
tended? 

451. Will simply mixing eighty-^ve parts of oxygen and fifteen of 
hydrogen, produce* water ? 

452. What is necessary ? 

453. What happens in the combustion of hydrogen gas ? 

454. Wha,t is {ne dilferenee between the decomposition and evapeia* 
ticji of water ^ 
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lo our experiments on latent heat, yoa may recollect that we 
cao«ed water BaccessWely to pass through these three forms, merely 
by an increase or diminution of caloric, without employing^ any 
power of attraction, or effectiDg any decomposition. 

CaroUne, But are ther^o means of decomposing water ? 

Mis. B, Yes, several ;^harcoal, and metals, when heated red 
hot, will attract the oxygen ^om water, in the same manner as 
they will from the atmosphere. ) 

Caroline, Hydrogen, X see^ is like nitrogen, a poor dependent 
friend of o^oygen, which is continually forsaken for greater favorites. 

Mrs, B.rThe connexion, or friendship, as you choose to call it, 
is much more intimate between oxygen and hydrogen, in the state 
of water, than between oxygen and nitrogen, in the atmosphere ; 
for, in the first case, there is a chemical union and condensation of 
the two substances ; in the latter they are simply mixed together 
in their gaseous state. You will find, however, that in some cases, 
nitrogen is quite as intimately connected with oxygen, as hydrogen 
is. But this is foreign to our present subject 

JEmify, Water, then, is an oxyd, though tne atmospherical air is 
not. . 

Mrs, B, It is not commonly called an oi^d, though according to 
our definition, it may, no doubt, be referred to that class of bo£es. 

CaroUne,f I should like extremely to see water decomposed. 

Mrs. B,ll can gratify your curiosity by a much more easy pro- 
cess than tj^e oxydation of charcoal or metals ; the decomposition 
of water by these latter means tsdces up a great deal of time, and is 
attended with much trouble ; for it is necessary that the charcoal or 
metal should be made red hot in a furnace,* that the water should 
pass 'oyer them in a state of vapor, that the gas formed should be 
collected over the water bath, &c. In short, it is a very complicat- 
ed operation. But the same effect may be produced with the 
greatest facility, by the action of the Y^taic battery, which this 
will give me an opportunity of exhibitingA 

Carolvne, I am very glad of that, for I longed to see the power , 
of this appamtus in decomposing bodies. 

Mrs, B. tV this purpose, 1 fill this piece of glass tube with 






Fig. 18. 




water, and cork it 
up at both ends : 
through one of 
the corks I intro- 
duce that wire 
of the battery, 
which conveys 



AppaiatM for the decomposition of water by the Voltaic ^^^:^? ^^^ ^^ 



^455. What are the meanfi of decomposing water ? j . ' 

456. What is the difference between the union of oxygen and mtro- 
gen, and*the union of oxygen and hydrogen ? 

457. May water be considered an oxyd ? 

458. What is the inconyenience of decomposing water hy the oxy- 
dation of charcoal or metak? , , . « .u ,t i^- v.* 

459. How may water be decomposed by the use of the Voltaic bst» 

tery? 
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wire which conyeys the negatire eleeiricity is nude to pas throii;^ 
the other cork, so that the two wires approadj^each other suffi- 
ciently near to give out their respectiTe electncitifi!>. # 

Caroline. It does not appear to me that you ^^toach the wires 
so near as you did when you made the battery to act by itself. 

Mrs. B. Water being a better conductor of eleetricttj than air, 
the two wires will act on each other at a greater distance in the 
former, than in thte latter case, 

EmUy. Now the electrical' effect appears ; I see small bubbles of 
air emitted from each wire. 

Mrs. B. Each wire decomposes the water; the positive by 
combining with its oxygen, which is negative; the negative by 
combining with its hydrogen, which is positive. 

Caroline. That is wonderfully curious ! but what are the smaU 
bubbles of air ? 

Mrs. B. Those that appear to proceed from the positive wire, 
are the result of the decomposition of the" water by that wire. That 
is to say, the positive electricity having combined with some of the 
oxygen of the water, the particles of hydrogen which were combin- 
ed with that portion of oxygen are set at liberty, and appear in the 
fojm of small bubbles, of gas or air. 

Emily. And I suppose the negative fluid, having in the same 
manner combined with some of the hydrogen of the water, th* 
particles of oxygen that were combined with it are set free, and 
emitted in a gaseous form. 

Mrs. B. Precisely so. But I should not forget tQ observe, that 
the wires used in this experiment are made of platina^^metal which 
is not capable of combining with oxygen); for otherwise the wiie 
would combine with the oxygen, and the^hydrogen alone would be 
disengaged. 

Caroline. But could not water be decomposed without the electric 
circle being completed ? If, for instance, you immersed only the 
positive wire in the water, would it not combine with the oxygen, 
and the hydrogen gas be given out ? 

Mrs. B. No ; for as you may recollect^e battery cannot act 
unless the circle be completed ; since the poaSve wire will not^ve 
out its electricity, unless attracted by that of the negative wireJ 

Caroline. I understand it now. But look, Mrs. B., the decompo- 
sition of the water which has been going on for some time, does not 
sensibly diminish its quantity — ^what is the reason of that ? 

Mrs. B. Because the quantity decomposed is so extremely small. 
li you compare the density of water with that of the gases into 
which it is resolved, you must be aware that a single drop of water 
is sufficient to produce thousands of such small bubbles as those you 
now perceive. 

Caroline. But in this experiment, we obtain the oxygen and 
hydrogen gases mixed together. Is tiiere any means of procuring 
the two ^ases separately ? 

Mrs. S, (They can be collected separately with great ease by 

460. Which is the best conductor of electricity, water or air? 

461. What remarkable property has platina? 

462. Why cannot water be decomposed unless the electric circle if 
completed ? 
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modifying a little the experiment/ Thus, if instead of one tube, we 

employ two, as you see here, (c^. Fig. 19,) both tubes being closed 

Fig. 19. at one end, and open at the other; and 

if after filling these tubes witti water, we 
place them standing in a glass of water (c) 
with their open end downwards, you will 
see that the monaent we connect the 
wires (a, b,) which proceed upwards from 
the interior of each tube, the one with one 
end of the battery, and the other with the 
other end, the water in the tubes will be 
decomposed ; hydrogen will be given out 
round the wire in the tube connected with 
^^^^^^^ the positive end of the battery, and oxy- 

Apparatus for decomposini; gen m the other, and these gases will be 
water by Voltaic Electricity evolved exactly in the proportions which 
jmd obtaining the gases sepa- j j^^^^ ^^^^ mentioned, namely, two 

measures of hydrogen for one of oxygen- 
We shall now begin the experiment, but it will be some time uefore 
any sensible quantity of the gases can be collected. 

EmOy. The decomposition of water in this way, slow as it is, is 
certainly very wonderful ; but I confess that I should be still more 
gratified, if you could show it on a larger scale, and by a quicker 
process. I am sorry that the decomposition of water oy charcoal 
or metals is attended vtdth so much inconvenience. 

Mrs. B. Water may be decomposed by means of metals without 
any difilcul^; but for this purpose the intervention of an acid is 
required. ThuSj if we add some sulphuric acid (a substance with 
the nature of which you are not yet acquainted) to the water which 
the metal is to decompose, the acid enables the metal to combine 
with the oxygen of the water so readily and abundantly, that no 
heat is required to hasten the process. Of this I am going to show 
you* an instance. I put into this bottle the water that is to be 
decomposed, the metal that is to effect that decomposition by com- 
bining with the oxygen, and the acid which is to facilitate the 
combination of th^ metal and the oxygen. You will see with what 
violence these will act on each other.* 



'/* To obtain hydrogen, fit a cork air tight to an oil flask, and pierce 
it with a burning iron, to admit a tube. The tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the opening 
made by the hot iron. Pour into the flask about a gill of water, and 
drop into it about an ounce of zinc, ^nulated by melting, and 
pouring it into cold water. Then pour m half' an ounce by measure 
of sulphuric acid, and immediately put the cork into its place, and 
plunge the other end of the tube under a receiver, or large tumbler, 
filled with water, and inverted in the water bath. The flask ^ws 
hot, and the gas begins to rise the instant the acid is poured in ; a 
olace therefore must previously be prepared to set it ; and if noth- 
ing better is at hand, a bowl, with a cloth in it, to prevent breaking 
the flask, und set at a convenient height, will do very well.-J— C. 

463. How can water be decomposed so as to produce the two gaaes 
00 para tc ? 
4G4. How ihay watiT be decoynposcd by means of Iron 6]&i\\gk^ 
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Caroline, But what metal is it that you employ for this pmpMe? 

Mrs. ^ It is iron ; and it is used in the state of filings, as these 
mresent a ^;reater surface to the acid than a solid piece of metal. 
For as it IS the surface of the metal which is acted upon hy the 
acid, and is disposed to receive the oxygen produced hy the deconh 
position of the water, it necessarily ioUows that the greater is the 
surface, the more con^derable is the effect.- The babbles which 
are now risin?, on the hydroc«n gas-^ 

Caroline, How disagreeable it smells ! 

Mrs. B. It is indeed unpleasant, though I belieye not paiticor 
larly hurtful. We shall not, however, suffer any more to escape, 
as It will be wanted for experiments. I shall therefore collect it in 
a ^lass receiver, by makinc^ it pass through this bent tube, whidi 
wiB conduct into the water-bath. (Fig. 20, No. 1.) 



Fig. 20. 




1. Apparatus for preparing and collecting hydrogen gas. SL Receiver full of liydm> 

gen gas iuverted over water. 

Emily. How very rapidly the gas escapes ! it is perfectly transpa- 
rent, and without any color whatever. Now the receiver is full. 

Mrs. B. We shaft therefore remove it and substitute another in 
its place. But you must observe, that when the receiver is fiill, 
it is necessary to keep it inverted with the mouth under water, 
otherwise the gas would escape. And in order that it may not be 
in the way, I introduce within the bath, under the water, a saucer, 
into which I slide the receiver, so that it can be taken out of the 
bath and conveyed any where ; the water ]j\ the saucer being 
equally effectual in preventing its escape as that in the bath. 
(Fig. 20, No. 2.) 

Emily. I am quite . surprised to see what a large quantity of 
hydrogen gas can be produced by so small a quantity of water, 
especially as oxygen is the principal constituent of water. 

Mrs. B. In weight it is ; but not in volume. . For though the pro- 
portion, by weight, is nearly eight parts of oxygen to one of hydro- 
gen, yet the proportion of the volume of the gases is about one part 

' 465. Why are iron fihngs, in this experiment, better than a solid 
piece of metal ? 

466. How may hydrogen- gas be collected as the water is decom- 
posed? 

467. What are the proportions of oxygen and hydrogen in water? 
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of oxygen to two of hydrogen ; so much heayier is the former than 
the latter.* 

Caroline. But why is the vessel in which the water is decom- 
posed so hot ? As the water changes from a liquid to a gaseous 
form, cold should be produced instead of heat. 

Mrs, B, No ; for if one of the constituents of water is converted 
into gas, the other becomes sohd in combining with the metal. 

Emily. In this case, then, neither heat nor cold should be pro- 
duced ? 

Mrs. B. True ; but observe that the sensible heat which is dis- 
engaged in this operation, is not owin^ to the decomposition of the 
water, but to an extrication of heat produced^ by the mixture of water 
and sulphuric acid. I will mix some water and sulphuric acid to- 
gether in this glass, that you may feel the surprising quantity of heat 
which is disengaged by their union — now take hold of the glass.- 

Carohne. Indeed I cannot ; it feels as hot as boiling water. 1 
should have imagined there would have been heat enough disen- 
gaged to have rendered the liquid solid. 

Mrs. B. As, however, it does not produce that effect, we cannot 
refer this heat to the modification called latent heat. We may 
however, I think, consider- it as heat of capacity, since the liquid 
is condensed by its loss ; and if you were to repeat the experiment, 
in a graduated tube, you would find the two liquids, when mixed, 
occupy considerable less space than they did separately. But we 
will reserve this to another opportunity, and attend at present to 
the hydrogen gas which we have been producing. 

If I now set -the hydrogen gas which is contained in this receiver 
at liberty all at once, and kindle it as soon as it comes in contact 
with the atmosphere, by presenting it to a candle, it will so suddenly 
and rapidly decompose the oxygen gas, by combining with its basis, 
that an explosion, or a detoncUioUy (as chemists commonly call it) wiU 
be produced. For this purpose, I need only take up the receiver, 
and qidckly present its open mouth to the candle — —so. . . 

Caroline. It produced only a sort of hissing noise, with a vivid 
flash of light. I had expected a much greater report. 

Mrs. B. And so it would have been, had the gases been closely 
confined at the moment they were made to explode. If, for in- 
stance, we were to put in this bottle a mixture of hydrogen gas and 
atmospheric air ; and if, after corking the bottle, we should kindle 
the mixture by a very fine orifice, from the sudden dilatation of the 
gases at the moment of their combination, the bottle must either fly 
to pieces, or the cork be blown out with considerable violence. 

Caroline. But in the experiment which we have just seen, if you 
did not kindle the hjdrogen gas, would it hot equally combine with 
the oxygen ? 

Mrs. B. Certainly not ; for, as I have just explained to you, it 
is necessary that the oxygen and hydrogen gases be burnt together, 
in order to combine chemically and produce water. 

I * Hydrogen is about 13 times lighter than atmospheric air.-^-C. 

468. How much lighter is hydrogen than common air f 

469. How can hydrogen gas be made to produce an explosion with a 
loud report ? . 

470. How can the ezperiment named be varied so as to prodaee a 
loud report.' 



Pig. 21. 



IHt 

CaroKne. Tiai is trae; bntllhonght thii waarndtfosotMB 
bination, for I see do water produced. 

Mrs. B. The water resultiDg &om this detonaticm waa so until 
in quantity, and in such a state of minute division, as to be inriBt' 
ble. But water certainly waa produced ; for oxygen is incaptUs 
of combining with hydro^n in any other proportions than Ihou 
which fonD water ; therefore, water must always be the teaoltof 
^ir combbation. 

; If, instead of bringiug the hydrogen gas into sudden cantactwilh 
the atmosphere, (aa we did just now,) so aa to make the whole of 
it explode the moment it is nodled, we allow but a very small mr- 
&ce of gaa, to burn in oontact with the atmosphere, the combualiM 
goes on quietly and BTadusllj at the point of contact, without luy 
detonation, becaose the surfaces brought together are too smaU for 
the immediate nnion of the gases. The experiment is a very euf 
one"^^ This phia!, with a narrow neck, (Fig. 31, No. 1.) is fuU of 
hydrogen gas, and is carefully corked. & I tajis out ^e cork 
without moiing the phial, and quickly approach the candle to the 
orifice, you wiD see how different the result will be-J^ — • 

Emily. How pretty it burns, with a blue Same! 
The flame is gradually sinking within the phial— 
now it has entirety disappeared. But does not thli 
combustion hkewise produce water! 

Mrs. B. Undoubtedly. In order to make tlM 
formation of the water sensible to jou, I shall pro- 
cure a fresh supply of hydrogen gas, by putting into 
this bottle (Fig. 21, No. 2.) iron filings, water, ud 
salphuric acid, materials similar to those which va 
have jost used for the same purpose. I shall then 
cork up the bottle, leaving only a amall oriflce in 
the cork, with a piece of kIiiss tube fixed to it, 
through w}iich the gas will issue in a continual 

Caroline. I. hear already the hissing of the gaa 
^ through the tube, and I can feel a strong current 
I against my hand. 

Mrs. B. This current I am going to kindle with 

btthe candle — see how vividly it bums 

ij ^E^ly. Ti bums like a candle with a great flame. 
1 si™ bo.^ ^"^ "''^ ^"^^ ^^'^ combustion last so much longei 

•f bidnpr^, 9° than in Ihe former experiment ! 

un«'i'i«'"'i™«"o3"tt Afrji. B. 'The combustion goes on nninterruptedly 

"i^Jr^J* "'^t™- as long as the new gas continues to be produced.— 

*j*ivi' I", jfg^ ^ I Jnyert this receiver over the fiame, you will 

^Tlie levity of hydrogen is such, that if a vessel be filled with 
it,'dbd kept inverted, it maybe carried about the room without ib 
escaping. The above experiment, therefore, may be made hf 
.bringing a amaH jar, or tumbler of gas over a lighted lamp. — C. 




471. Can oajgen and hydrogen 



a any other ptopcatloD* 



473. How CI 

474. If an inverted receiver filled with hydrogen gu ba held ol 
t Btme of I Jimp, what will be rcd on id internal lurfkce ' 



loon perceive its internal sHiface coyeied with a very £ne dew, 
which is pure water A-* 

Caroline, Yes, iilaeed ; the glass is now quite dim with moia^ 
tore. How glad I sun that we can see the water produced by this 
Combustion. 

Umihf, It Is exactly what I was anxious to see ; for I confess I 
was a uttle incredulous. 

Mrs, B, If 1 had not held the glass bell over the flame, the 
water would have escaped in the state of vapor, as it did in the 
former experiment. We have here, of course, obtained but a very 
small quantity of water ; but the difficulty of procuring a proper 
apparatus, with suflicient quantities of gase'ii, prevents my showing 
it^u on a larger scale. 

rXhe composition of water was discovered about the same period, 
both by Mr. Cavendish, in this country, and by the celebrated 
French chemist, Lavoisier.) SJ^® latter invented a very perfect and 
ingenious apparatus, to per^hn with great accuracy, and upon a 
larffe scale, the formation of water by the combination of oxygen, 
and hydrogen gases. Two tubes, conveying due proportions, the 
one of oxygen the other of hydrogen ffas, are inserted at opposite 
sides of a large globe of glass previously exhausted of air ; the two 
streams of gas are kindled within the globe, by the electrical spark, 
at the point where they come in contact ; they bum together, that 
is to say, the hydrogen combines with the oxygen, the caloric is set 
at liberty, and a quantity of water is produced exactlj^ equal in 
we^ht to that of the two gases introduced into the globe. , 

Caroline, And what was the greatest quantity of water ever 
formed in this apparatus ? 

Mrs, B, Several ounces ; indeed, very nearly a pound, if I recol- 
lect right ; but the operation lasted many da}rs. 

Emily. This experiment must ha^e convinced all the world of 
the truth of the discovery. Pray if improper proportions of the 
gases were joiixed and set fire to, what would be the result ? 

Mrs, B,/ Water would be equally formed, but there would be 
a residue <)f either one or other of the gases, because as I have 
already told you, hydrogen and oxygen will c^bine only in the 
proportions requisite for the formation of water.) 

Emihj, Look, Mrs. B., our experiment with the Voltaic battery, 
(See fi^. 19,) has made great progress ; a quantity of gas has been 
formed m each tube, but in one of them there is twice as much as 
in the other. 

Mrs, B, Yes \ because, as I said before, water is composed of 

r^The burning of a candle, lamp, wood, &c., always produces 
warBr. The tallow and oil contain hydrogen, and dunng combus- 
tion, it unites with the oxygen of the atmospHere. Hold a wide 
tube over a lamp,, and it is soon covered with moisture. Wood 
contains hydrogen A-C. 

475. Hmp is water produced by the burning of a candle^ lamp, ^. t 

476. What chemists discovered the composition of water ? 

477. How would you describe the apparatus invented by Lavoisier 
for converting oxygen and hydrogen gases into water } 

478. What would be the result if other proportions of oar^gen itad 
hydrogen gas were mixed than is proper for the production oi watsv? 
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two volumes of hydrogen to one of oxygen— '•and if we dhotdid nov 
mix these gases together and set lire to them by an electrical 
^ark, both gases would entirely disappear, and a small quantity 
of water would be formed. 

There is another curious effect produced by the combustion of 
hydrogen gaS) which I shall show you, though! must acquaint you 
first, that I cannot well explain the cause of it. For this purpoee, 
I must put some materials into our apparatus, in order to obtain a 
stream of hydrogen gas, just as we have done before. The process 
is already going on, and the gas is rushing through the tube^ I shall 
now kindle it with a tagf r. 

Emily. It burns exactly as it did before — ^What is the curious 
effect which you are mentioning ? 

Mrs. 5.« Instead of the receiver, by means of which we have 

just seen the drops of water form, we shall invert over the flame 

this piece of tube, which is about two feet in length, and one^inch 

in diameter, but you must observe that it is open at both endsf^ 

(Fig. 22.) Bjmily. What a strange noise it produces ! something 

like the ^^lian harp, but not so sweet. 

Caroline. It is very singular indeed; but I think 
rather too powerful to be pleasing. And is not this 
sound accounted for ? 

Mrs. B. That the percussion of glass, by a rapid 
stream of gas, should produce a sound, is not extraor- 
dinary : but the sound here is so peculiar, that no other 
gas has a sunilar effect. Perhaps it is owing to a brisk 
vibratory motion of the glass occasioned by the succes- 
A sive formation and condensation of small drops of water 
\ on the sides of the ^lass tube, and the air rushing in to 
^ replace the vacuum i. rmed.* 

11 Caroline. How very much this flame resembles the 

(g> burning of a^candle. 
f^^\ Mrs. B. \T\i& burning of a candle is produced by much 
the same means. A great deal of hydrogen is contained 
in candles, whether of tallow or wax. This hydrogen 
being converted into gas by the heat of the candle, com- 
bines with the oxygen of the atmosphere, and flame and 

water result from the combination. So that in fact the 

Ap^Ti^STfor fla-me of a candle is owing to the combustion of hydlrogen 
producing har. gas. An clcvation of temperature, such as is produced 

monir sounds byP tl^j ai ^ • -i •*!« 

the combustion of by a Jighted match or taper, is required to give the first 
hydrogea gas. impulse to the combustiou ; but afterwards it goes on of 
itself, because the candle finds a supply of caloric in the successive 
quantities of heat which result from the union of the two electrici- 
ties given out by the gases during their combustion. But there are 
other circumstances connected with the combustion of candles and 
lamps, which I cannot explain to you till you are acquainted with 
carbon^ which is one of their constituent parts. In general, how- 
ever, whenever you see flame, you may infer, that it is owing to the 

^ • This ingenious explanation was first suggested by Dr. Dela- 
rive. See Journals of the Royal Institution, vol. i. p. 259. 

479. What curious experiment is exhibited in figure 22.' 

480. How is a common eandle made to burn ? 
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formation and burning of hydrogen gas*-^; for flame is the peculiar 
mode of burning hydrogen ffas, which with only one or two appa- 
rent exceptions, does not belong to any other combustible, 't 

Emily. You astonish me ; I understood that flame was tKe caloric 
produced by the union of the two electricities, in all combustions 
whatever. 

Mrs. B. Your error proceeded from your vague and incorrect 
idea of flame ; you haTC confounded it with the light and caloric in 
general. : Flame always implies caloric, since it is produced by the 
i«on^ustio^ of hydrogen gas : but all caloric does not imply fiame.'*; 
vCoals, for instance, burn with flame, until all the hydrogen which 
they contain is evaporated ; but when they afterwards become red 
hot, much more caloric is disengaged than when they produce 
flame. > 

Caroline. But the iron wire, which jrou burnt in oxygen gas, 
appeared to me to emit flame ; yet^ as it was a simple metal, it 
could contain no hydrogen. 

Mrs. B. It produced a sparkling, dazzling blaze of light, but no 
real flame. 

Emily. And what is the cause of the regular shape of the flame 
of a candle y^ 

Mrs. B. Q'he regular stream n of hydrogen gas which exhales 
firom its comTTustible matter. ^ 

Caroline. But the hydrOgen gas must, from its great levity, 
ascend into the upper regions of the atmosphere ; why, therefore, 
does not the flame continue to accompany it ? 

Mrs. B. The combustion of the hydrogen gas is completed at the 
point where the flame terminates : it then ceases to be hydrogen 
gas, as it is converted, by its combination with oxyepen, into watery 
vapor ; but in a state of such minute division as to be invisible. 

Caroline. I do not understand what is the use of the wick of a 
<»ndle, sinc&'the hydrogen gas bums so well without it. 

Mrs. B. rrhe combustible matter of the candle must be decom- 
posed, in orcter to emit the hydrogen gas ; and the wick is instru- 
mental in eflecting this decomposition.^ Its combustion first melts 
the combustible matter, and — -^ - 

Caroline. But, in lamps, the combustible matter is abeady fluid, 
and yet they also require wicks. 

Mrs. B. I am going to add, that afterwards, the burning wick 
(by the power of capillary attraction) gradually draws up the fluid 
to the point where combustion takes place ; for you must have ob- 
served that the wick does not bum quite to the bottom. 

• Or rather hjdro-carbonaty a gas composed of hydrogen and car- 
bon, which will be noticed under the head Carbon. 

•JThe candle also contains carbon, which gives brilliancy to the 
flame, and the product of combination besides flame and water is a 
quantity of carbonic acidy— C. 

481. What is said in the note cf the burning of a candle f 

482. What is flame? 

483. How long will coals burn with flame ? 

484. To what » the regular shape of the flame of a candle owing? 

485. If the flame of a cancUe is produced by Hydrogen gas, why i» 
the wiek necenary ? 
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CaroUne, Yes ; but I do not understand why it ^oes not. 

Mrs. B. Because the air has not so free an access to that paitw 
the wick which is immediately in contact with the candle as to th0 
part just above , so that the heat there is not sufficient to produce 
Its decomposition ; the combustion, therefore, begins a little abo^ 
this poupjU* 

Caroline. But, Mrs. B . , in those beautiful lijghts called gas lights, 
which are now seen in so many streets, and will, I hope, be soon 
adopted every where, I can perceive no widk at all. How are these 
lights managed ? 

Mrs. B. 1 am glad you have put me in mind of sayin^r a few 
words on this very useful and important improvement. | In this mode 
of lighting, the gas is conveyed to the extremity of s^4cibe, where 
it is kindled, and bums as lon^ as the supply continu^ There is, 
therefore, no occasion for a wick, or any other fuel WM,tever.^ 

Emily. But how is this gas procured in such large quantities? 

Mrs. B. It is obtained n*om coal, by distillation^' Coal, .when 
exposed to heat in a close vessel, is decomposed w&°^ hydro|:en, 
w^hich is one of its constituents, rises in a state ot gas, combmed 
wjitb another of its component parts, carbon, forming a compound 
gasi called Hydro- Carbonat,\ the nature of which we shall aNg^Biin 
nSve^-an opportunity of noticing when we treat of carbon. This 
^as, like hydrogen, is perfectl}r transparent, invisible, and highly 
inflammable ; and, in burning, it emits that vivid light which yon 
have so often observed. 

Caroline. And does the process for procuring it require nothing 
but heating the coals, and convejring the gas through tubes ? 

Mrs. B. Nothing else, except that the gas must be made to pass, 
immediately at its formation, through two or three large vessels oi 
water,! in which it deposits some other ingredients, and especially 
f water, tar, and oil, which also arise from the distillation of coals. 
' The gas light apparatus, therefore, consists simply in a large iron 
vessel, in which the coals are exposed to the heat of a furnace, — 
some reservoirs of water, in which the gas deposits its impurities, 
and tubes that convey it to the desired spot, being propelled with 
uniform velocity through the tubes, by means of a certain degree 
of pressure which is nuide upon the reservoir. ] 

• In the burning of a candle^ the reason why combustion does not 
take place in immediate contact with the tallow, is, that the caloric 
is here employed in converting a solid into fluid, as explained in 
the conversation on free caloric. In the burning of a lamp, if the 
same thing takes place, it is because the metallic tube through 
which the wick passes, conducts off the heat.*-C. 

f The gas is passed through one vessel of slacked lime and water 
to absorb the carbonic acid gas, with which it is always more or 
less mixed, when first distilled. — C. 

486. Why is it that the wick of a candle does not bum to the hottomf 

487. How are gas lights made to burn without wicks ? 

488. What is the gas called, used in lighting the streets of some 
large cities ? 

4ti9. How is it obtained ? 

490. Of what does the gas light apparatus contist' 
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Emhf. What an admirable contrivance ! Do you not think, Mrs. 
B., that it will soon be univjersally adopted ? 

Mrs, B, Most probably ;( for the purpose of lighting streets, offi- 
ce?, and public places, it far^urpasses any former invention ; bui in 
regard to the. interior of private houses, this mode of lighting has not 
yet been sufficiently tried to know whether it will be found generally 
desirable, either with respect to economy or convenience. It may, 
however, be considered as one of the happiest applications of 
chemistrx to the comforts of life ; and there is every reason to sup- 
pose that it will answer the full extent of public expectation.^ 

I, have another experin^nt to show you with hydrogen ga8,^hich 
I think, will entertam you. Have you ever blown bubbles with 
sosm and water ? 

Emily. Yes, oflen, when I was a child ; and I used to make them 
float in the Air by blowing them upwards. 

Mrs. B. v^STe shall fill some bubbles with hydrogen gas, instead 
of atmospheric air, and you will see with what ease and lapidity 
they wiU ascend, without the assistance of blowing, from the light- 
ness of the gas.V-Will you mix some soap and water, whilst I fill 
this bladder wltlr the gas contained in the receiver which stands on 
the shelf in the water bath ? 

Caroline. What is the use of the brass-stopper and turn-cock at 
the top of the receiver ? 

Mrs. B, It is to afford a passage to the gas, when required. There 
is, you see, a similar stop-cock fastened to this bladder, which is 
made to fit on the receiver. I screw them one on the other, and 
now turn the two cocks, to open a communication between the re- 
ceiver and the bladder ; then, by sliding the receiver ofiT the shelf, 
and gently sinking into the bath, the water rises in the receiver, and 
forces the gas into the bladder. (Fig. 23, No. 1.) 

Caroline. Yes. I see the bladder swell as the water rises in the 
receiver. / 

Mrs. B[J. think that we have already a sufiicient quantity in the 
bladder for our purpose ; we must be careful to stop both the cocks 
before we separate the bladder from the- receiver, lest the gas should 
escape. — Now I must fix a pipe to the stopper of the bladder, and 
by dipping its mouth into the soap and water, take up a few drops ; 
then I again turn the cock, and squeeze the bladder, in order to. 
force the gas into the soap and water^ at the mouth of the pipe./ 
(Fig. 23, No. 2.) 

Emily. There is a bubble ; but it bursts before it leaves the mouth 
of the pipe. 

Mrs. Jo. We muist have patience and try again ; it is not easy to 
blow bubbles by means of a bladder, as simply with the breath. 

Caroline. Perhaps there is not soap enough in the water, I should 
have had warm water ; it would have dissolved the soap better. 

Emily. Does not some of the gas escape between the bladder and 
the pipe ? 

491. What is said of lighting streets, offices, and public places with 
thisgas? 

4^. How can bubbles of soap and water be made to float in the air ? 

How can these bubbles be made so as to explode on setting fire to 
them ? (See page 123.) 

493. .What is represented in 23, No. 1 and 2 ? 

n* 
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No. 1 Appanttai for transfenrins gsset from a Receiver into a bladder. No. 9, 

Apparatus tor blowing Soap bubbles. 

Mrs. B. No ; they are perfectly air tight ; we shall succeed 
presently, I dare say. 

Caroline. Now a bubble ascends ; it moves with the rapidity of 
a balloon. How beautifully it refracts the light. 

Emily. It has burst against the ceiling — ^you succeed now won- 
derfully ; but why do they all ascend and burst against the ceiling ? 

Mrs. Bi Hydrogen gas is so much lighter than atmospherical air, 
that it ascends rapidly with its very light envelope, which is burst 
by^He force with which it strikes the ceiling. 

Air-balloons are filled with this, gas, and if they carry no other 
weight than their covering , would ascend as rapidly as these bubbles^ 

Caroline. Yet their covering must be much heavier tlian that m 
these bubbles ! 

Mrs. B. Not m proportion to the quantity of gas they contain. 
I do not know whether you have ever been present at the filling of 
a large balloon. ( The apparatus for that purpose is very simple. 
It consists of a n^imber of vessels, either jars or barrels, in which 
the materials for the formation of the gas are mixed, each of these 
being furnished with a tube, and communicating with a long flexi- 
ble pipe wi^ich conveys the gas into the balloon.' 

Emily. ^But the fire balloons which were first-^ invented, and have 
been since abandoned, on account of their beii^ so dangerous, were 
constructed, I suppose, on a difiierent principlS 
^ Mrs. B. They were filled simply with atmospnerical air, considor- 

494. With what are air balloons filled ^ 

495. What is the apparatus for filling a large balloon with hydrogen 

l^th what were fire balloons filled ^ ' 

Vhy were they abandoned? 
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ably rarefied by heat; and the necessity of havmg a fire imdemeath 
the balloon, in order to preserve the rarefaction of the air within it, 
Was the circumstance productive of so much danger. 

If Y^u are not yet tired of experiments, I have another to show 
yon. Tit consists in filling soap-bubbles with a mixture of hydrogen 
and o^gen gases, in the proportions that form water : and after- 
wards setting fire to them's 

Emily, They will detonate, I suppose. 

Mrs, B. Yes, they will. As you have seen the method of tran»- 
ferring the sj^ from the receiver into the bladder, it is not necessary 
to repeat it.T I ^^^® therefore provided a bladder which contains a 
due proportioh of oxygen and hydrogen gases, and we have only to 
blow bubbles with ix\ 

Caroline, Here ifi. fine large bubble rising — shall I set fire to it 
with a candle ? 

Mrs, B, If you please. 

Caroline, Heavens, what an explosion ! * It was like the ^report 
of a ^un ; I confess it frightened me much. I never should have 
imagmed it could be so loud. 

Emily, And the fiash was as vivid as lightning. 

Mrs, B, (The combination of the two gases take place during^ 
that instant of time that you see the flash, and hear the detonation?; 

Emily. This has a strong resemblance to thunder and lightniog.f 

Mrs, B, These phenomena, however, are generally of an eleo- 
trical nature. Yet various meteorological effects may be attributed 
to accidental detonations of hydrogen gas in the atmosphere ; for 
nature -abounds with hydrogen ; it constitutes a very considerable 
portion of the whole mass of water belonging to our globe, and from 
that source almost every body obtains it. It enters into the com- 
>• position of all animal substances, and^f|a great nnmber of minerals ; 
nJuiI it is most abundant in vegetables?S^rom this immense variety 
of bodies it is often spontaneously ^jjfecharged ; its great levity 
makes it rise into the superior regions of the atmosphere ; and 
when, either by an electrical spark, or any casual elevation of tem- 
perature it takes fire, it may produce such meteors or luminous 
• appearances as are occasionally seen in the atmosphere. Of this 
kind are probably those broad flashes which we often see on a 
summer evening without hearing any detonation! 

Emily. Every flash, I suppose, must produce a quantity of water ? 

Caroline, And this water, naturally, descends in the form of rain. 

Mrs, B, That probably is often the case, though it is not a neces- 

r 

f* In making this experiment, always be careful to turn the stop- 
codk) or detach the bubble completely from the pipe before it is set 
fire to ; othervnse a »ad accident may happen from the gas taking 
the bladder.-4C. 

,(rhe report is owing[ to the air, rushing in to fill the vacuum, 
caus^ by the condem^tion of the two gases, and the heat extricat- 
ed at the same instant. 
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498. How can babbles be made of soap and water so as to explode 
with a loud report, on setting fire to them .' 

499. To what is it said in the note that the rmort is owing f 

500. In what substance is hydrogen most abundant ? 

501. How may heat lightning be accounted Tor ' 
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Mury ooaseqneiice ; for tlie water maj be dissolved by the atnios 
phere, as it descends towards the lower regions, and remain there 
lu tht) form of eiouds. 

The application of electrical attraction to chemical phenomena is 
hkelv to lead to many very interestii^ discoveries in meteorology ; 
.£vr electricity evidently acts a most important part in the atmosphere. 
rrhi» subject, however, is, as yet, not sufficiently developed ror me 
10 venturo enlar^in«f upon it.^ The phenomena of the atmosphere 
are tur from beiu^ well undentood : and even with the little that is 
kuowu, I aiu but imperfectly acquainted. 

But before we take leave ol* hydrogen, I must not omit to raention 
to you a most iuterestiug discovery of Sir H. Davy, which is con- 
uecU'd wiih this subject. 

i\ttvhne. You allude, I suppose, to the new miner's lamp, which 
has of lato been $i> much talked of. I have long been desirous of 
knowing what that discovery was, and what purpose it was intend- 
ed to ausvN-^. 

Mrs. ^^It often happens in coal mines, that quantities of the gas 
oalWd by cneiuists hydro carbonaty or by the miners fire dan^y (tho 
same from which the gas hghts are obtained,) oose out from the fis- 
sures iu the beds of coal, and fill the cavities in which the men are 
at work ; and this gas being inflammable, the consequence is, that 
when the men approach those places, with a lighted candle, the gas 
takes fire, and explosions happen, which destroy the men and horses 
employed in that part of the colliery, sometimes in great numbers^^ 

^J/Mi/y. What tromondous accidents these must be ! But wheaeJe 
does that swb^ originate ? 

Mrs. B^Bemg the chief product of the combustion of coal, no 
wonder thM iuuammable gas should occasionally appear in situa- 
tions in whicli this mineral abounds, since there can be no doubt 
that priK^essi^s of combustion are frequently taking place at a great 
de^th under the surface of the earth ; and, therefore, tliese accumo- 
lations of gas may arise either from combustions actually going oa, 
or from former ^combustions, the gas having perhaps been coimned 
there for ages J 

Caroiine, And how does Sir H. Davy's lamp prevent those 
dreadful explosions. 

Mrs. B. I By a contrivance equally simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from which the 
inquiry sprung. The principle of the lamp is shortly this : It was 
ascertained two or three years ago, both by Mr. Tenant, and by Sir 
Humphrey himself, that the combustion of inflammable gas could 
not be propagated through small tubes ; so that if a jet of an in- 
flammable gaseous mixture, issuing from a bladder or any other 
vessel, through a small tube, be set Are to, it burns at the onfico of 
the tube but the flame nev^r penetrates into the vessol. It is upon 
this fact that Sir Humphrey's safety lamp is founded.^ 

EmUy. But why does not the flame ever penetrate through the 

502. Is it supposed that the subject of meteorology is well under- 
stood? 
603. What disastrous effects oflen happen in coal-mines ? 
504. Whence does the hydrojzen gas m mines ori^^inate ? 
*05. Upon what discovery of Mr. Tenant and Sir H. Davy was the 
^'m eifety Junp founded .' 



tube into the Tessel from whidi the gas issues, so as to explode at 
once the whole of the gas ? 

Mrs. B. Because, no doubt, the inflamed gas is so .much cooled 
in its passage through a small tube as to cease to bum before the 
combustion reaches the reservoir. 

Ccaroline, And how can this principle be appEed to the construc- 
tion of a lamp ? ^ 

Mrs, B, Nothing easier. (You need onlj suppose a lamp en- 
closed all round in glass orSiom, but havmg a number of small 
open fcbes at the bottom, and others at the top, to let the air in and 
out. /Now, if such a lamp or lantern be carried into an atmosphere 
capabre^of ex]^oding,An explosion or combustion of the G[as will take 
place wUhm uie lampl and although the vent afforded by the tubes 
will save the lamp «rom bursting, yet from the principle just ex- 
plained, the combustion will not be propagated to the extenial air 
through the tul^s, so that no farther consequence will ensued 
—Emihf. And is that all the mystery of that valuable lamp ? 

Mrs, B. No ; in the early part of the inquiry, a lamp of this kind 
was actually proposed ; but it wa^ut a rude sketch compared to 
its present state of improvement.fSir H. Davy, after a succession 
of trials, by which he brought hilslamp nearer and nearer to per- 
fection, at last conceived the happy idea, that if the lamp were sur- 
roohded vrith a wire-wick or wire-gauze, of a close texture, instead 
of fflass or horn, the tubular contrivance I have just described 
womd be entirely superseded, since each of the interstices of the 
g^aiiBe Jirdald act as a tube m preventing the propagation of explo- 
siou(^BO that this previous metallic covering would answer the 
TacTOff purposes of transDavency , of permeability to air and of pro- 
ta^on against explosion) /This idea. Sir Humphrey immediately 
rabmitted to the test of e^qieriment, and the result has answered 
his most sanguine expectations, both in his laboratory and in the 
collieries where it has already been extensively tried. And he has 
now the happiness of thinking that his invention will probably be 
the means of saving every year a number of lives, which would 
have been lost in digging out of the bowels of the earth one of the 
most valuable necessaries of life. Here is one of these .(amps, every 
part of which you will at once comprehend/ tf'ig. 24 J 

Caroline, How very simple and ingenioiis ! Bttt I ddnot yet well 
Bee why an explosion taking place within the la^ip, should not 
communicate to the external air around it, through the interstices 
of the wire ? 

Mrs, B, This has been, and is still a subject of wonder, even to 

Shilosophers ; and the only mode they have of explaining it is, that 
ame or i^tion cannot pass through a fine wire work, because 
the metallic wire cools the flame sufliciently to extinguish it in 
passing through the gauze. This property of the wire gauze is 
quite similar to that of the tubes which I mentioned on introducing 
the subject ; for you may consider each interstice of the gauze aa 
an extremely short tube of a very small diameter. 

506. Why does not flame penetrate through a tube that conveys hy- 
drogen gas so as to produce an explosion ? 

507. How would ypu describe the miner's lamp ^ 

608. What is the use of the miner's lamp? ' 

609. Which figure represents the miner's .lamp? 
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Emii/. But I ehould erpect the whe 
would oAbii became red faol, by the 
burning of the gas wilhin the lamp. 

Mrs. B. And this is actually the 
case ; far the top of the lamp U very 
ftpt 10 hacome red hot. ^gut foHu- 
nately, auch inflimunablet gaseous 
mistuiM as are Ibund in the mines, 
ca.ancit be exploded by the led hot 
wire, the intervention of actual flame 
being' required for that purpose; so 
that the wire does not-aet hiB to the 
explosive mm around itJ 

Emili/. I coo undennand that; but 
if the wire be red hot how can it coo] 
the flame wilhin, and prevent its pass- 
ing througk the gauze .' 

Mrs. B. Thegauze.thoughredbot, 
is not so hot aa the flame by which 
it has been healed ; and as metallic 
wire is a good ctmductor, the hoat 
doea not much accumulate in it, as it 
passes off quickly lo the other parts of 
the lamp, as well as to any conliguoua 
bodies. 

Oroftne. This is indeed a moi 
terealing discovery, and one which 
shows at once the immense utility' 
with which science may be practically 
applied to some of the moat important 
purposes. 
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Mrs. B. Sulphur is the next suh- 
slanca that comes imder our consid- 
eretinn. It differa in one essential 
pout from the preceding, as (it exiala 
in a solid forn* at the tempeflitUrc of 
the atmosphere.. 

Qirolirte. I «m gkd that we have x 
at laat a solid body to examine : one B. i 
that we can see and touch. Pray, isg""] 
it not with sulphur that the points of^'w 
matches are covered, to make them^- < 
easily kindle i " 




510. What is nec*B«aiy to produc 
<niB miKturei ? 
fill. Id what itatedocB Bulphur e 
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Mrs, B. Yes, it is; and yoa therafere already know, that sul^ 
)hur is a very coinbustible substance. sJt is seldom discovered in 
lature in a pure unmixed state ; so great is its affinity for other 
lubstances, that it is almost constantly found combined with some 
»f them. It is most commonly united with metals under various 
brms, and is separated f^rom them by a very simple process. It 
ixists, likewise, m many mineral waters, and some vegetables yield 
t in various proportions, especially those of the cruciform tribe, 
t is also found in animal matter ; in short, it may be discovered in 
greater or^less quantity in the mineral, vegetable, and animal 
ingdoms.^ 

JEmih/. ^^nave heard oi flowers ofstdphur, — are they the produce 
f any plants ^ 

Mrs, B, By np means ; Ahey consist of nothing more than com^ 
ion 8ul{^ur, reduced in aNery fine powder by a process called 
MwuUion, You see some of it in this phial ; it is exactly the 
ame substance as the lump of sulphur, onl}r itiit color is a paler 
ellow, owing to its state of very minute division^ 
Enuly, ftay* what is sublimation ? y 

Mrs, B, fli is the evaporation, or more p]9(!(perly speaking, the 
olatilizatioVof solid substances, which, in cooling, condense again 
ito a concrete form. The process, in this instance, must be per- 
irmed in a closed vessel, both to prevent combustion, which would 
sike place if the access of air were not carefully precluded^ and 
kewise, in order to collect the substance after the operatioi^ (As it 
} rather a slow process we shall not try the experiment itow^TTut 
on will understand it perfectly if I show you the apparatus used 
>r the purpose, (fig. 25.) Some lumps of sulphur are put into a 
rig. 25. receiver of this kind, which is called a cu- 

curbit. Its shape, you see, somewhat resem- 
bles that of a pear, and is open at the top, 
so as to adapt itself exactly to a kind of con- 
icjal receiver of this sort., called the head. 
The cucurbit, thus covered with its head 
is placed over a sand-bath ; this is nothing 
more than a vessel full of sand, which is 
kept heated by a furnace, such as you see 
here, so as to preserve the apparatus 4n a 
moderate and uniform temperaturey f The 
sulphur then soon begins to melt, ana im- 
mediately after this, a thick white smoke 
rises, which is gradually deposited within 
the head, or upper part of the apparatus, 
where it condenses against the sides, some- 
what in the form of vegetation, whence i± 
««Mil*iH«« «#■ H.. !(!..- has obtained the name of flowers of sulphur^ 

SODIimatlOD of Sulphur. rni • ^ l* i. • n J ^jJL-JlJa-' 

..Alembic. B. Sand-bath. A his apparatus, which is called an fl/cmwc, 
c. Furnace. is highly useful in all kinds of distillations, 

* The sulphur of commerce is chiefly obtained in the vicmity of 




512. In what may it be found ? 

51 3. How do the flowers of sulphur differ from sulphur in a folid state ? 

514. What is sublimation ? 

515. What does figure 25 represent .' 

616. From what is the name " Flowers of Sulphur,*' dibim^^ 
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BB you will see when we come to treat of llroee o)>ei«tioiis. Alem* 
bics are not commonly made of glass, like this, which is applicable 
only to distillation upon a very suidl scale. Those used in mana* 
factures, are generally made of copper, and are of course consid* 
erably larger. The general construction, however, is always thi 
same, although their shape admits of some variaition. 

Caroline, What is the use of that neck, or tube, which be&di 
down from the upper jHcce of the api>aratus \ 

Mrs, B, It is of no use in sublimations ; but in distillations, (tbe 
general object of which is to evaporate, by heat, in closed vessels, 
the volatile parts of a compound oody, and to condense them aeain 
into a liquid,) it serves to carry off the condensed fluid, which 
otherwise would fall back into the cucurbit. -But this is rather 
foreign to our present subject. Let us retam to the sulphur. 
You now perfectly understand, I suppose, what is meant by sub- 
limation ? 

Emily, I believe I do. Sublimation appears to consist in de- 
stroying by means of heat, the attraction of aggregation of the 
particles of a solid body, which are thus volatilized ; and as soon as 
they lose the caloric which produced that efiect, they are deposited 
in the form of a fine powder. 

Caroline, It seems to me to be somewhat similar to the traiuh 
formation of water into vapor, which returns to its liquid state 
when deprived of caloric. 

Emily ^ There is this difierence, however, that the sulphur does 
not return to its former state, since instead of lamps, it changes to 
' a fine powder. 

Mrs, B, Chemically speaking, it is exac|iy the same substance, 
whether in the form of lump or powder. fTpr if this powder be 
melted again by heat, it will, in cooling, d5' restored to the same 
solid state in which it was before its sublimation'^ 

Carolines But if there be no real change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

Mrs^ J?, ftt divides the sulphur into very minute -parts, and thus 
disposes it fb-enter more readily into coiQbination with other bodies. 
It is used alsfi as a means of purificationj 

Carolina. Sublimation appears to me tke the beginning of coin* 
bustion, fo^ the completion of j^iiich one circumstance only is 
wanting, the absorption of oxygen^ 

Mrs, B. But that circumstance is every thing. No essential 
alteration is produced in sulphur by sublimation ; whilst in combua* 
tion it combines with the oxygen, and forms a new compmind Uitallv 
different in every respect from sulphur in its pure state. ^VJT© ^^^ 
now bum some sulphur, and you will see how very different the re» 

volcanoes, or in volcanic countries, where it is brought up from the 
bowels of the earth by sublimation. An inferior kind is obtained 
by the distillation of pyrites. — C. 

517. What effect is produced if the flowers of sulphur are melted f 

518. If no real change is produced by the sublimation of sulphur, 
what is the use of that operation ? 

519. What is the difference between the sublimation and combustion 
of sulphur ? 

6S0. If sulphur is burnt, what will be the result? 
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sqH will be. For this purpose I put a small qaantity of flowers of 
sulphur into this cup, and place it in a dish, into which I have pour- 
ed a little water ; I now set fire to the sulphur with the point of this 
hot wire ; for its combustion will not begin unless its temperature 
be considerably raised. You see that it burns with a faint bluish 
flame ; and as I invert over it this receiver, white fumes arise from 
the sulphur, and fill the vessel. You will soon perceive, that the 
wate& is rising within the receiver, a little above its level in the 
plate .1^ Well, Emily, Can you account for this ? 

Eaafby, I suppose that the sulphur has absorbed the oxygen from 
the atmospherical air within the receiver, and that we shall find 
some oxygenated sulphur in the cup. As for the white smoke, I 
am quite at a loss to guess what it may be. 

Mrs. B. Your first conjecture is very right ; but you are mis- 
taken in the last ; for nothing will be left in the cup. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
elastic fluid of a pungent and ofiensive smell, and is a powerful acid. 
Here you see a chemical combination of oxygen and sulphur, pro- 
ducing a true gas, which would continue such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and all its 
acid properties. You see now with what curious efifects the com- 
bustion of sulphur is attended. 

Carolina, This is something quite new ; and I confess that I do 
not perfectlv understand why the sulphur turns acid. 

Mrs. B.f It is because it unites with the oxygen, which is the 
acidifying principle[rj^nd indeed, the word (usygen is derived from 
two Greek words wgWfying to produce an acidp 

Caroline. Why, then, is not water which c<mtains such a quanti- 
ty of oxygen, acid ? 

Mrs. Jy/6ecause hydrogen, which is the other constituent of 
water, is nbt susceptible of acidification. I believe it will be neces- 
sary before we proceed further, to say a few words on the general 
nature of acids, though it is rather a deviation from our plan of 
examining the simplabodies separately, before we consider them in 
a state of combustion) 

Acids may be considered as a peculiar class of burnt ♦ bodies, 
which during their combustion or combination with oxygen, have 
acquired very characteristic properties. They are chiefly discerni- 
ble by their sour taste, and by turning red most of the blue vegeta- 
ble colore T'o'ii-a two properties are common to the whole class 
of acy9 ou'. .enrb of them is distinguished by other peculiar qual- 
itieBJ^ k:ve£y acid consistr M some peculiar substances, (which 

* This might mislead the student. The acids are not all of them 
formed by burninff. All the vow[etable acids, as the citric, malic, 
&c. exist ready £rmed : some of them are contaiodd in fruits, as 
in lemons, apples, &c.— C. 

521. What is the acidifyin|r panncipie? 

522. What does tiie term oxygen signify ? 

523. If oxygen is the acidifying principle, why does flot water become 
acid, since it contains so much of that gas ^ 

621. Of what do acids consbt ? ^ » 

12 y^ 
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coDfttitates its basiB, and is difierent in eadi,) and of oxygen, which 
is common to them ally 

Emify. But I do nor clearly see the difierenoe between acids and 
oxyds. /^ 

Mrs. B, fAdda were in fact oxyds, which, by the addition of a 
certain qaaatity of oxygen, have been oonyerted into acids. For 
acidification, you must obserre. always implies previous oxydation, 
as a body most have combined with the quantity of oxygen requisite 
to constitute it an oxyd, before it can cmnbinf with the greater 
quantity which is necessary to render it an acid.^ 

Caroline, ^Te all oxyds capable of being converted into adds? 

Mrs, B. /Very far from it ; it is only certain substances which 
will enter into that peculiar kiod of union with oxy^n, that produ- 
ces acids, and the number of these is proportionuly very small; 
but all burnt bodies may be considered as belon^ng either to the 
class of oxyds, or that of acids^ At a fnture penod, we shall entei 
more at large into this subjm. At prcient, I have but one ci> 
cumstance nurther to point out to your observation respectins 
acids ; it is, that most of them are susceptible of two degrees oi 
acidification, according to the dififerent quantities of oxygen with 
which their bases combine. 

Emiiu, And how are these two degrees of acidification distin 
guished. / 

Mrs, Bi By the peculiar properties which result from them." 
The acid we have just made is the first or weakest denee of acidi- 
fication, and is called sulphureous add — ^if it were fmly saturated 
with oxygen, it would be called sulphuric ad3^ You must there- 
fore remember, that in this, as in all acids, th^first degree of acidi- 
fication is expressed by the termination in ous — ^the stronger by the 
termination in ic. 

Caroline.f And how is the sulphuric acid made ? 

Mrs, B, iBy burning sulphur over water, in pure oxygen gas, 
and thus rehdering its combustion much more complete. I have 
provided some oxygen gas for this purpose ; it is in that bottle, but 
we must first decant the gas into the glass receiver which stands on 
the shelf in the bath, and is full of waterJ 

Caroline. Pray, let me try to do it, M«. B. 

Mrs. B, It requires some little dexterity — ^hold the bottom com- 
pletely under water, and do not turn the mouth upwajds, till it is 
immediately under the aperture in the shelf through which the gas 
is to pass into the receiver, and then turn it up gradually. Very 
well ; you have only let a few bubbles escape, and that must be 
expected at a first trial. Now I shall put this piece of sulphur into 
the receiver, through the opening at the top, and introduce along 
with it a small piece of lighted tinder to set fire to it. This re- 
quires to be done very quickly, lest the atmospherical air should 
obtain entrance, and mix with the pure oxygen gas. 

Emily, How beautiful it bums ! 

Caroline, But it is already buried jn the thick vapor. This, I 
suppose, is sulphuric acid ? 

525. What is the difierenoe between oxyds and acids ? 

526. Are all oxyds capable of becoming acids ? 

627. What is the difference between sulphureous acids and snlphnrie 
ad4» ? 528. How is sulphuric acid obtained ' 
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Emily, Ave these adds always in a caseous state ? 

Mrs. B.r Sulphureous acid, as we nave already observed, is a 

Sermanent^as, and can be obtained in a liquid form only by con- 
ensing it in water. In its pure state, the sulphureous acid is in- 
visible, and it now appears ^ the form of a white smoke, from its 
conabining with the moisturej But the vapor of the sulphuric acid, 
which you have just seen tOTise during the combustion, is not gas, 
Dut only a vapor, .which condenses into liquid sulphuric acid, by 
losing its caloric, (it appears, however, from Sir H. Davy's exper- 
iments, that this formation and condensation of sulphuric acid, 
requires the presence of water, for which purpose, the vapor is 
received into cold water, ji^^hich may afterwards be separated &om 
the acid by the evaporation) 

Sulphur has hitherto been considered as a simple substance ; but 
Sir H. Davy has suspected that it contains a small portion of hydro- 
gen, and perhaps also of oxygen. 

On submitting suli)hur to the action of a Voltaic battery, he ob- 
served that the negative wire gave out hydrogen ; and the existence 
of hydrogen in sulphur was rendered still more probable by his 
observing that a small quantity of water was produced during the 
combustion of sulphur. 

Emily. Aaid pray of what nature is sulphur when perfectly pure ? 

Mrs. 5Jf Sulphur has probably never been obtained perfectly jBree 
from combmation, so that its radical may possibly possess properties 
very different from those of common sulphur. It has beea suspected 
to be of a metallic nature ; but this is mere conjectural^ 

Before we quit the subject of sulphur, I must tell you that it is 
susceptible of combining with a great variety of substances, and 
especially with hydrogen, with which you are already acquainted. 
Hydrogen gas can dissolve a small portion of it. 

Emily. What ! can a gas dissolve a solid substance ? 

Mrs. B. f^Yes ; a solid substance may be so minutely divided by 
heat, as^lo Become soluble in gas ; and of this there are several in- 
stances. \ But you must observe, that, in the present case, a chemi- 
cal union or combination of the sulphur with the hydrogen .gas is 
produced. Mhi order to effect this, the sulphur must be strongly 
heated in contact with the gas ; and the heat reduces the sulphur to 
such a state of extreme division, and dieses it so thqH>ughiy with 
the gas, that they combine and incorporate together? Q^^^^ ^s a 
proof that there must be a chemical umon between the sulphur and 
the gas, it is sufficient to remark that they are not sepsurated when 
the sulphur loses the caloric by which it was volatilized^ Besides, 
it is evident^ from the peculiar fetid smell of this gasf that it is a 
new compound, totally different from either of its constituents^jt is 
called SlUphuretted hydrogen gas, jmd is contained in great aoun- 
dance in sulphureous mineral waters) 

Caroline. Are not the Harrogate waters of this nature ? 

■ ' 

520. Are sulphureous and sulphuric acids always in a gaseous state ? 

530. What was Sir H. Davy's opinion concerning sulphur? 

531. What is sulphur in its pure stsrte? 

532. Can a gas dinsolve a solid substance ? 

533. How cnn il be done .'* 

534. I{'>w is it knoWn thut the union between hydrogen gas and iol- 
phur is fl' ciipmicai union ? 

535. What i.s the product of i^^is union.* 
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Mrs, B, Yq6 ; they are naturally impregnated with sulphuretted 
hydrogen gas,' and there are many other springs oT the same kind, 
which show that this gas must often he formed in the boweb of the 
earth by spontaneous processes of natural 

Caroline. And could not such wate^ be made artifidally by 
impregnating^ common water with this gas ? 

Mrs, B, Yes ; they can be so well imitated, as perfectly to 
resemble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and with the alkalies, 
and alKaline earths, substances with which you are yet uhaoquaintr 
ed. We cannot, therefore, enter into these combinations at present 
In our next lesson we shall treat of phosphorus. 

Emily, May we not begin that subject ta dajr; this lesson has 
been so short ? 

Mrs. B. I have no objection, if you are not tired. What do yoa 
say, Caroline ? 

Caroline. I am as desirons as Emily of prolonging the lesson to- 
day, especially as we are to enter on a new subject ; for I confess 
that sulphur has not appeared to me so interesting as the other 
simple bodies. 

Mrs. B, Perhaps you may find phosphorus more entertaining. 
You must not, however, be dfiscouraffed when you meet with some 
parts of a study less amusing than omers ; it would answer no good 
purpose to select the most pleasing parts, since, if we did not pro- 
ceed with some method, m order to acquire a general idea of the 
whole, we could scarceljc expect to take interest in any pacrticalar 
subjects. 

PHOSPHORVS. *! 

Phosphorus is considered as a simple body ; though, like sulphur, 
it has been suspected of containing hydrogen. It was not known bjr 
the earlier chemists. ( It was first discovered by Brandt, a chemist oi 
Hamburgh^whilst efflployed in researches after the philosopher's 
stone ; but'the method of obtaining it, remained a secret till it was a 
second time discovered both by Kunckle and Boyle, in the year 1680. 
You see a specimen of phosphorus in this phial ;/& is generally 
moulded into small sticks of a yellowisli color, as ytu find it hereJ 

Caroline, I do not understand in what tlie discovery consisted : 
there may be a secret method of making an artificial composition ; 
but how can you talk of making a composition which naturally exists ? 

Mrs, B, A body may exist in nature, so closely combined with 
other substances, as .to elude the observation of chemists, or render 
it extremely difficult to obtain it in its separate state. This is the 
case with phosphorus, which is so intimately combined with other 
substances, that its existence remained unnoticed till Brandt dis- 
covered the means of obtaining it free from other combinations.fit 
is found in all animal substances, and is now chiefly extracted fiofii 

536. What is there which shows that this gas is sometimes formed 
spontaneously in the bowels of tITe earth ? 

537. By whom was phosphorus discovered ? 

538. What is the appearaoce of it ? 

539. How is phosonoros obtained ? 
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bones by a chemica] process. It exists also in some plants, that bear 
a strong apaJogj to animal matter in their chemical compositionj 

Emity, (^But is it never found in its pure separate state ?) 

Mrs, B, Never ; and this is the reason why it remained so long 
imdiscovered. i 

Phosphorus is eminently combustible ; /it melts and takes fire at 
the temperature of one hundred degrees, sihd absorbs in its combus- 
tion, nearly once and jc half its own weight of oxygen/\ 

Caroline. What ! mill a pound of phosphorus consp/ne a pound 
and a half of oxygen^ 

Mrs. B. So it apjj^ars from accurate experiments. I can show 
you with what violence it combines with oxygen, by burning some 
of it in that gas. We must manage the experiment in the same 
manner as we did the combustion of sulphur. Y on see I am obUged 
to cut this little bit of phosphorus under water, otherwise there 
would be danger of its taking lire by the heat of my fingers. I 
now put it into the receiver, and kindle it by means of a hot wire. 

Emily. What a blaze ! I can hardly look at it. I never saw any 
thing so brilliant. Does it not hurt your eyes, Caroline ? 

Oxroline. Yes ; but still I cannot help looking at it. A prodi- 
gious quantity of oxygen must, indeed, be absorbed, when so much 
fight and caloric are £sen^aged ! 

Mrs. B.An the combustion of a pound of phosphorus, a sufficient 
quantity ofSealoric is set free, to melt upwards of a hundred pounds 
of ice ; tins has been computed by direct experiments with the ca- 
lorimeter.l 

Emily J Axtdi is the result of this combustion, like that of sulphur, 
an acid ? • \ • 

Mrs. B. Yes /phosphoric acid J And had we duly proportioned 
the phosphorus smd the oxygen, 4hey would have been completely 
converted into phosphoric acid, weighing, together, in this new state, 
exactly the sum of their weights separately. The water would have 
ascended into the receiver, on account of the vacuum formed, and 
would have filled it entirely. In this case, as in the combustion of 
sulphur, the acid vapor formed is absorbed and condensed in the 
water of the receiver. But when this combustion is performed with- 
out any water or moisture being present, the acid then appears in 
the form of concrete whitish flakes, which are, however, extremely 
ready to melt upon the least admission of moisture. 

linily. Does phosphorus, in burning in atmospherical air, pio- 
duce liKe sulphur, a weaker sort of the same acid ? 

Mrs. B. No ; but it bums in atmospherical air, nearly at the 
same temperature as in pure oxygen gas ; and it is in both cases so 
strongly aisposed to combine with the oxygen, that the combustion 
is penect, and the product similar : only in atmospherical air, being 
]eaB rapidly supplied with oxygen, the process is performed in a 
slow manner. 

540. Why was it for a long time undiscovered ? 

541. At what temperature will it melt and take fire ? 

542. What proportion of oxygen will phosphorus consume, compared 
with its own weight ? 

543. How mucn caloric will the combustion of a pound of phospho- 
rus set free ? 

544. What is the result of the combustion of phosphAna? 

18 • 
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Carotine. But is there no method of acidifyuig phoephoros in a 
slighter manner, so as to form phosphorus add ? 

Mrs. B. Yes, there is. When simply exposed to the atmosphen;, 
phosphorus undergoes a kind of slow combustion at any temperature 
above zero. 

EmUy, Is not the process in this case rather an oxydation than 
a combination ? !Por if the oxygen is too slowly absorbed for a 
sensible quantity of light and heat to be disengaged, it is not a tnie 
combustion. 

Mrs. B. The case is not as you suppose ; a fiiint light is emitted, 
which is very discernible in the dark ; but the heat evolved is not 
sufficiently strong to be sensible ; a whitish vapor arises from this 
combustion, which, uniting with water, condenses into liquid phos- 
phorus acid. 

Caroline. Is it not very singular that phosphorus should bun at 
so low a temperature in atmospherical air, whilst it does not bun 
in pure oxygen, without the applicataen of heat? 

Mrs. B. So it at first appears. /But this circumstance seems to 
be owing to the nitrogen gas of the atmosphere. This gas dissolvea 
small particles of phosphorus, which being thus minutely divided 
and diffused in the atmospherical air, combines with the oxygen, 
and undergoes this slow combustion. But the same efiect does not 
take place in oxygen gas, because it is not capable of dissolving 
phospnorus ; if is therefore necessary, in this case, that heat should 
oe applied to efiect that division of particles, which, in the fonner 
instance, is produced by the nitrogen^ 

Emily, I have seen letters writtra with phosphorus, which are 
invisible by day light, but may be read in the dark by their own 
light. They look as if they were written with fire ; yet they do 
not seem to bum. 

Mrs. B. But they do really burn ; for it is by their slow comboB- 
tion that the light is emitted ; and phosphorus acid is the result of 
this combustion. 

(Phosphorus is ^ometimes used as a test to estimate the purity of 
atinosphexjcal air] For this purpose, it is burnt in a graduated tube, 
called ahiEudiometea, (fig. 26,) and the proportion of oxygen In the 
air examm^d is deduced from the quantity of air which Fig. 26. 
the phosporus absorbs ; for the phosphorus will absorb Eudiometer, 
all the oxyffen, and the nitrogen alone will remain. ^^ 

Emily. And the more oxygen is contained in the at- ^"^^ 
mosphere, the purer, I suppose, it is esteemed? 

Mrs. B. Certainly. >Phosphorus, when melted, com- 
bines with a great variety of substances. With sulphur, 
it forms a compound so extremely combustible that it 
immediately takes fire on coming in contact with the air. 
It is with this composition that phosphoric matches are 
prepared which kindle as soon as th^ are taken out of 
their case, and are exposed to the air^ 

X ^^* Why will phosphorus bum at so low a temperature in atmos- 
pherical air, when it does not 'born in pure oxygen without the appli* 
caticfn of heat ? 

546. For v<4iat is phosphorus sometimes used ? 

547. What instrument is used for this purpose, and how is the poritf 
of the air ascertained by it ? 

548. Jfow are phosphoric matches mau^ > 



c 
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Emify, I have a box of these carious matdbes ; but I have ob- 
aerved that in very cdld neeather, they will not take fire without 
being previously rubbed. 

Mrs. B, By rubbing them you raise their temperature ; for you 
know, friction is one of the means of extricating^ heat. ~ 

limUy. Will phosphorus, like sulphur, combine with hydrogen 

eras? . \ 

Mrs,B, \^e8^ and the compound ^as which results from this 
combination nas a smell still more fetid than the sulphuretted hy- 
""-' jen : it resembles that of garlic. 

he phasphoretted hydrogen gas has this remarkable peculiarity, 
^ it, takes fire spontaneously in the atmosphere at any tempera- 
turel It is thus, probably, that are produced those transient flames 
or flashes of light, called by the vulgar, WiUrof -the- Wisp ^ or more 
properly, Ignes-faim, which are often seen in church-yards, and 
places where the putrefactions of animal matter exhale phosphorus 
and hydrogen gasi 

Caroline, Country people who are so much frightened by those 
appearances, would soon be reconciled to them if they knew from 
what a simple cause they proceed. 

Mrs, B. There are other combinations of phosphorus that have 
also very singular properties, particularly that which results from 
its union with kme. 

Emihf, Is there any name to distinguish the combination of two 
substances, like phosphorus and lime, neither of which are oxygen, 
and which cannot therefore produce either an oxyd or an acid ? 

Mrs, B, The names of such combinations are composed from 
those of tluMT ingredients, merely by a shght chan^ in their ter- 
mination. (Thus, the combination of sulphur with Imie is called a 
sulphuretf imd that of phosphorus, k phosphuret of lime,\ This latter 

* Phosphuret of lime is a very curious substance. To make it, 
take a thm glass tube, 6 or 8 inches long, and less than half an inch 
in diameter; if it is^ closed at one end, so much the better, but a 
cork will do. Near the closed end put a piece of phosphorus half 
an inch long. Then put in by means of a stick or wire, holding 
the tube horizontally, thirty or forty pieces of newly burned quick 
lime, about ^e size of split peas, letting the lowest remain two or 
three inches from the phosphorus. Then stop the other end of the 
tube loosely, and place the part containing the quickUme in a bed 
of charcoal, so contriving it that a candle or red hot iron can be 
brought under the part where the phosphorus Ues. Kindle a fire 
by means of bellows, and heat the lime red hot, without melting 
the pho^horus, which may be kept cool by a wet rag : when this 
is done, bring the hot iron or candle under the phosphorus, so as to 
make it pass through the quicklime in the form of vapor. Cork 

iq> the phosphuret of lime for use. — C. 

, - ■ 

549. Will phosphorus combine with hydrogen ? 

550. What remarkable peculiarity has phosphoretted hydrogen gas > 

551. How is it supposed that the i^s-fatui are produced ? 
5^2. What is the combination of pnosi^orus with Ume, called .' 
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Mrs, B. These holes are dosed as soon as the wood is fidriy li^ 
ed, so that the combostion is checked, or at least continues hat in a 
very imperfect manner ; but the heat produced by it is sufficient to 
force out and Tolatilize, throuffh the earthy cover, most part of thi 
oily and watery principles of the wood, although it cannot redoee it 
to ashes. 

EmiJy. Ispure carbon as black as charcoal ? 

Mrs, B. The purest carbon we can prepare is so ; hut coflmiili 
have never yet been able to separate it entirelv from hydrogen^Sir 
U. Davy says, that the most perfect carbon that is jprepaxed by ait 
contains about five per cent, of hydrog[en ; he is of^ opinion tliktif 
we could obtain it quite free from foreign ingredients, it would be 
metallic, in common with other simple substaooes^^ 

But there is a form in which charcoal appears, that I dare say wiB 
surprise you. This ring, which I wear on my finger, owes ila bnl- 
liancy to a small piece of carbon. 

Caroline. Surely you are jesting, Mrs. B. 

Emih/. I thought your ring was diamond. 

Mrs. B. It is ^. / But diwiond is nothing more thancaihon in a 
crystallized state.") v 

Emily. That iti astonishing ! Is it possible to see two things ap- 
parently more different than diamond and charcoal ? 

Caroline. It is indeed, curious to think that we adorn omaebraa 
with jewels of charcoal ! 

Mrs. B. There are many other substances, consisting chiefly of 
carbon, that are remarkably white. (Cottcm, for instance, is almoit 
wholly carbon*. • . 

Caroline. T^at, I own, 1 could never have imagined ! But piay, 
Mrs. B., since it is known of what substance diamond and cotton 
are composed, why should they not be manu&ctured, or imiiated, 
by some chemical process, which would render them much cheaper, 
and more plentiful than the present mode of obtaining them ? 

Mrs. By You might as well, my dear , propose £at we should 
make flowers and fruit, nay, perhaps, even ammals by a chemical 
process ; for it is known of w^hat these bodies consist, since every 
thing which we are acquainted with in nature is formed from th^ 
various simple substances that we have enumerated. But you must 
not suppose that a knowledge of the component parts of a body will 
in every case enable us to imitate it. (It is much less difficult to de- 
compose bodies, and discover of w^hat materials they are made, than 
it is to recompose them. The first of these proce3ses is called <nui/y- 
sisy the last, synthesis. When we are able to ascertain the nature of 
a substance by both these methods, so that the result of one confirms 
that of the other, we obtain the most complete knowledge of it that 
we are capable of acquiring! This is the case with water, with the 
atmosphere , with most of th^ oxyds, acids, and neutral salts, and with 

5G0. How is charcoal in its purest state produced ? 

5G1. What is the common method of producing charcoal ? 

562. What did Sir II. Davy suppose carbon would be, if free from 
foreign ingredients ? 

6(». What does charcoal become on being crystallized ? 

<>64. What white substance is there, consisting cliiefly of carbon ? 

565. What is to be understood by the terms analifsis and synthesis u 
used by chemists ? 
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atuuiy otliar compoandsJ But the more complicated oombiniatioDA 
of nature, even in the mineral kingdom, are m general beyond our 
reach, and any attempt to imitate organized bodies must ever prove 
fin^tless; their formation is a secret which rests in the bosom of the 
Creator. You see, therefore, how vain it would be to attempt to 
make cotton by chemical means. But, surely, we have no reason to 
re^et our inability in this instance, when nature has so cleaady 
pointed out a method of obtaining it in perfection and abundance. ] 

CaroUne, I did not imagine that the principle of life could be im- 
itated by the aid of chemistry , but it did not appear to me absurd 
to suppose that chemists might attain a perfect mutation of inani- 
mate naturo^ 

Mrs, B, iThey have succeeded in this point in a variety of instan- 
oes ; but, ad ^rou justly observe, the principle of life, or even the 
minute and intim*>te organization of the vegetable kingdom, are se- 
crets that have almost entirely eluded the researches of philoso- 
phers ; nor do I imagine that human artAvill ever be capable of in- 
vestigating them with complete successy 

Emily. But diamond, since it consistsof one simple, unorganized 
Babstance, might be, one would think, perfectly imitable by art. 

Mrs. B. It is sometimes as much beyond our power to obtain a 
simple body in a state of perfect purity, as it is to imitate a compli- 
cated combination ; for the operation by which nature separates 
bodies are frequently as inimitable as those which she uses for their 
combination. This is the case with carbon : all the efforts of chem- 
ists to separate it entirel^r irom other substances have been fruitless, 
and in the purest state in which it can be obtained by art, it still 
retains a portion of hydrogen, and probably of some other foreign 
ingredients. {We are ignorant of the means which nature employs 
to crystallize itv It may probably be the work of ages, to purify- 
arrange, and unite the particles of carbon in the form of a diamon^ 
Here is some charcoal, in the purest state we can procure it ; y6a 
see that it is a very black, brittle, light, porous substance, entirely 
destitute of either taste or smell. Heat, without air, produces no 
alteration in it, as it is not volatile ; but on the contrary, it invari- 
ably remains at tlie bottom of the vessel, after all the other parts of 
the vegetables are evaporated. 

EmUy. Yet carbon is, no doubt, combustible, since you say that 
cLarcoal would absorb oxygen, if air were admitted during its pre- 
paration. 

Caroline. Unquestionably. Besides, you know, Emily, how much 
U is used in cooking. But pray, what is the reason that charcoal 
•urns without smoke, whDst a wood fire smokes so much ? 

Jtfrs. ^i Because, in the conversion of wood into^ charcoal, the 
folatile particles of the former have been evaporated./ 
. Caroline. Yet I have frequently seen charcoal . bairn with flame ; 
i}ierefi)re, iuteast, in that case, contain some hydrogen. 

Mrs. B^ (You should recollect that charcoal, especudly that which 
is used for common purposes, is not perfectly purej It generally 

566. In wh^t cases is obtained the most perfect knowledge of the 
nature of compound bodies ? * 

567. Have meangever been discovered to crystallize carbon ? 
668. What is thcmasoii that charcoal burns without smoke ? 
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retains some remains of the Tsrions other conoponent pacls of lef- 
etables, «nd hydrogen particularly, which accounts for the flame in 
qnestion.^ 

CaroHne, Bat what hecomes of the carbon itself daring its oom- 
bostion ? y 

Mrs, BMt gradually combines with the oxygen of the atmos- 
phere, in tM same way as sulphur and phosphorus, and, like those 
substances, it^ converted into a peculiar acid, which flies off in t 
gaseous form.y There is this dinerence, however, that the add is 
not, in this imnance, as in the two cases just mentioned, a mere 
condensible Taper, but a permanent elastic fluid, which always 
remains in the state of a gas, under any pressure and at any tern* 
perature. The nature of tlus acid was fint ascertained bylhr. Black, 
of Edinburgh ; and, before the introduction of the new nomenclv' 
ture, it was csAled fixed air. It is now distinguished by the more 
appropriate name o^,carbonic acid geuA 

Emily, Carbon, then, can be volanlized by burning, though by 
heat alone, no such effect is produced ? 

Mrs. B, Yes ; but then it is no longer simple carbon, but an add 
of which carbon forms the basis. In this state, carbon retains no 
more appearance of solidity or corporeal form than the bads of any 
other gas. And you may, 1 think, from this instance, derive a mors 
clear idea of the basis of the oxygen, hydrogen, and nitrogen gases, 
the existence of which, as real bodies, you seem to doubt, because 
they were not to be obtained simply in a solid form. 

Jbrmly. That is true ; we may conceive the basis of the ozygei 
and of the other gases, to be solid, heavy substances, like carbon, 
but so much expanded by caloric as to become invisible. 

Caroline, But does not the carbonic add gas partake of the 
blackness of charcoal ? / 

Mrs. B, Not in the least. Slackness, you know, does not vf- 
pear to be essential to carbon, and it is pure carbon, and not char- 
coal, that we must consider as the basis of carbonic acid. We shall 
make some carbonic acid, and, in order to hasten the process, we 
shall bum the carbonic in oxygen gas? 

Emily. But do you mean, then, to bbrn diamond ? 

Mrs. B. Charcoal will answer the purpose still better, being 
softer and more easy to inflame ; besides the experiments on dia- 
mond are rathei expensive. 

Caroline. But is it possil^e to bum diamond ? 

Mrs. B. Yes, it is ; and in order to effect this combustion, noth- 
ing more is required than^to apply a sufficient degree of heat, by 
means of the blow-pipe, and of a stream of oxygen gas. Indeed, i^ 
is by burning diamond that its chemical nature has been ascertained^ 

569. From what does the flame in the burning of charcoal proceed ? 

570. In the combustion of charcoal, what becomes of the carbon .' 

571. What is the gas called formed by the combination of carbon 
and oxygen? 

572. Why does not carbonic add gas partake of the blackness of 
charcoal, if prepared from that material.'* 

573. How has the chemical nature of diamonds been ascertained? 
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tt has long been known as a combustible substance, but it is withiii 
these lew years only that the product of its combustion has been 

S roved to belpure carbonic acid./ This remarkable discoTery is 
ue to Mr. Tennant. 

Now let us try to make some carbonic acid. WUl you, Emily, 
decant some oxygen gas from this large jar into the reoeiVer m 
whidi we are to burn the carbon ; and I shall introduce this small 
piece of charcoal, with a little lighted tinder, which will be neoes- 
sary to give the first impulse to combustion. 

tknily. I cannot conceive how so small a piece of tinder, and 
that but just lighted, can raise the temperature of the carbon suffi- 
ciently to set fire to it ; for it can produce scarcely any sensible 
heat, and it hardly touches the carbc.n. 

Mrs, B. ^lie tmder thus kindled has only heat enough to begin 
its ownComrastion, which, however, soon becomes so rapid in the 
oxygen gas, as to raise the temperature of the charoQal sufilciently 
for this to burn likewise, as you see is now the case.-J^ 

Dmify, 1 am surprised that the combustion of carbon is not more 
brilliant ; it does not give out near so much light or caloric as phos- 
phorus or sulphur. Yet since it combines with so much oxygen, 
why is not a proportional quantity of light and heat dueng^ed 
firom the decomposition of the -oxygen gas, and the union of its 
electricity yfiih that of the charcoal ? 

Mrs, B.(ls it not surprising that less light and heat should be' 
liberated in^ this than in almost any other combustion, since) the 
oxygen, instead of entering into a solid or liquid combination, as it 
does in the phosphoric and sulphuric acids, is employed in forming 
another elastic fluid I it therefore parts with less of its caloric. 

Emity, True ; and, on second consideration, it appears on the 
contrary, surprising that the oxygen should, in its combination with 
carix>n, retain a sufficient portion of caloric to maintain both sub- 
stances in a ^seous state. 

Caroline, We may then judge of the degree of solidity in which 
oxygen is combined in a burnt body, by the quantity of caloric lib- 
erated during its combustion ? 

Mrs, B. Yes ; forovided that you take into the account the quan- 
tity of oxygen abS>rbed by the combustible body, and observe the 
proportions which the caloric bears to iO 

Caroline, But why should the watCT after the combustion of 
carbon, rise in the receiver, since the gas within it retains an aeri- 
form state ? 

Mrs, B. Because the carbonic acid gas is gradually absorbed 
by the water ; and tiiis effect would be promoted by shaking the 
receiver. 

Emily. The charcoal is now extinguished, though it is not nearly 
consumed ; it has such an extraordinary avidity for oxygen, I sup- 
pose, that the -receiver did not contain enough to satisfy the whole. 

Mrs, B, That is certainly the case ; for if the combustion were 

W 574. What is Uie production of their combustion .' . * 

575. Why is so littie light and heat disengaged in the combustion of 
carbon? 

576. Does caibon unite with more than one proportion of oxygen f 

13 
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perfonned in the exact proportions of 28 parts of carbon to 72 of 
oxygen, both these ingredients ^^ould disappear, and 100 parts of 
carlxinic acid would be produced. 

Caroline. Carbonic acid must be a very strong acid, since it con- 
tains 80 great a proportion of oxygen ? 

Mrs. S. That is a very nature inference ; yet it is erroneous. 
For the carbonic is the ^'eakest of all the acids. The strength of 
an acid seems to depen(|upon the nature of its basis, and its mode 
of combiijiation, as well as upon the proportion of the acidifying 
principle.j. The same quantity of oxygen that will convert soime 
bodies into strong acids, will only be sufficient simply to oxydate 
others. 

Caroline. Since this acid is so weak, I think chemists shoold 
have called it the carbonous, instead of the carbonic acid. 

Emily. But, I suppose, the carbonous acid is still weaker, and ii 
formed by burning carbon in atmospherical air. 

Mrs. 6. It has been lately discovered, that carbon may be con- 
verted into a gas, by uniting with a small proportion of oxygen; 
but as this gas does not possess any acid properties, it is no more 
than an oxyd ; it is called gaseous oxyd of carbon. 

Caroline. Pray is not carbonic acid a very wholesome gas to 
breathe, as it contains so much oxygen ? y" 

Mrs. B. On the contrary, it is extremely pernicious. (Oxygen, 
when in a state of combination with other substances, lOses, in 
almost every instance, its respirable properties, and the salubrious 
effects which it has on the animal economy when in its unconfined 
state/ Carbonic acid is not only unfit for respiration, but extremely 
deleterious if taken into the lungs. 

Emily. You know, Caroline, how very unwholesome the fumes 
of burning charcoal are reckoned. 

_ Caroline. Yes; but to confess the truth, I did not consider that 
a charcoal fire produced carbonic acid gas. — Can this- gas be con- 
densed into a liquid ? 

Mrs. B. No ; for, as I told you before, it is a permanent elastic 
fluid. But water can absorb a certain quantity of this gas, and can 
even be impregnated with it, in a very strong degree^ by the assist- 
ance of agitation and pressure, as I am going to show you. . I shall 
decant some carbonic acid gas into this bottle, which I fill first with 
water, in order to exclude the atmospherical air ; the gas is then 
introduced through the water, which you see it displaces, for it will 
not mix with it in any quantity, unless strongly agitated, or allowed 
to stand over it for some time. The bottle is now about half fuU of 
carbonic acid gas, and the other half is still occupied by the water. 
By corking'the bottle, and then violently shaking it, in this way, I 
can mix the gas and water together. Now will you taste it ? 

Emily. It has a distinct acid taste. 

Caroline. Yes, it is sensibly sour, and appears full of little bubbles. 

Mrs. B. It possesses likewise all the other properties of acid, but 

577. On what does the strength of an acid depend ? 
478. Why is not carbonic acid good for respiration, since it eontaios 
a large qaantity of oxygen ? 

579. Why are the mmes of burning charcoal reckoned unwhole- 
some? 

580. How can water be impregnated with carbonic gas ' 

581. HTuU is Seltser found to be, on analysis ' 
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4>f course, in a less degree than the pure q^rhonic acid ^as, as it is 
80 much dilated by water. This is a Kind of artificial Seltzer water. 
By analysing that which was produced by nature, it was found to 
contain/ scarcely any thing more than common .prater, impregnated 
with a' certain proportion of carbonic acid gasi We are therefore 
able to imitate it by mixing those proportions of water and carbonic 
acid. Here, my dear, is an instance in which, by a chemical pro- 
cess, we can exactly copy the operations of nature ; for the artificial 
Seltzer waters can be made in every respect similar to those of nar 
ture ; in one point, indeed, the former have an advantage, since they 
may be prepared stronger or weaker, as occasion requires. 

Carbhne, I thought I had tasted such water before. But what 
renders it so brisk and sparkling ? 

I Mrs. B, This sparkling or efrervescence, as it is called, is always, 
^.occasioned by the action of an elastic fluid escaping firom a liquid ;j 
*in the artificial Seltzer water it is produced by the carbonic acid, 
which being lighter than the water in which it was strongly ton- 
densed, flies off with ^reat rapidity, the instant the bottle is un- 
corked ; this makes it necessary to drink it immediately. The 
bubbling that took place in this bottle was but trifling, as the water 
was but very slightly impregnated vnth carbonic acid. It re<)uires 
a .particular apparatus to prepare the gaseous artificial mmeral 
waters. 

Emily. If, then, a bottle of Seltzer water remains for any length 
of time uncorked, I suppose it returns to the state of common water? 

Mrs, B. The whole of the carbonic acid gas, or very nearly so, 
will soon disappear : but there is likewise in Seltzer water, a very 
small quantity of soda, and a few other saline or earthy ingredients, 
which will remain in the water, though it should be kept uncorked 
for any length of time. 

Caroline. I have often heard of people drinking soda-water.— 
Pray what gort of water is that ? 

Mrs. B. ut is a kind of artificial Seltzer water, holding in solution 
besides the gaseous acid, a particular saline sul^tance. called soda, 
which imparts to the water certain medicinal qualities.] 

Caroline, But how can these waters be so wholesome, sinc^ car- 
bonic acid is so pernicious ? 

Mrs. JB. .'A gas, we may conceive, thougHh very prejudicial to 
brea^e, mky be beneficial to the stomach J But it would be of no 
use to attempt explaining this more fully at present. 

Caroline. Are waters never impregnated with other gases ? 

Mrs. B. Yes ; there are several kinds of gaseous waters. I for- 
got to tell you that waters have, for some years past, been prepared* 
mipregnated both with oxygen and hydrogen gases. These are not 
an imitation of nature, but are altogether obtained by artificial 
IT eans. They have been lately used medicinally, particularly on the 
continent, where, Iiunderstand they have acquired some reputatioji. 

Emily. If I recollect right, Mrs. B., you told us that carbon was 

562, How is the brisk and sparkling appearance in Seltzer water oo« 
casioned .' 

583. What is soda water } 

584. How can these waters be wholesome since carbonic acid is so 
pernicious .' 

585. What other gaseous waters have been ^te^vceOi^ ^xA te 
purpose.' 



bon muBtjtherefore, 1)0 ftre 

Mrs. B. Yes \ but thia is not the caae, unl^ their tempentnn 
be Taieed to a certain degree. It is onl; when caibon is red hot, 
that it is capable of separating the oxygen from the bydn^en 
Thus, if a small quantity of water be thrown on a red hot £t«, it 
will bcreaae rather than eitin^uisb the combustion ; for the nak 
of wood, (both of nhich contain a quantity of carbon,) decompcae 
the water, and thus supply the fire both with oxygen and hyd»^. 
gaaes. If, on the contrary, a large mass of water be thrown mer 
the fire, the diminution of heat thus produced is Boch, that (he 
combustible matter loses the power of decomposing' the waler, tod 
the fire is eilingiiished. 

Emily. I have heard that fire engines sometimes do more hum 
than good, aod that they actually increase the lire when they cm- 
not throw water enough to exUngoish it. It must be owing, id 
doubt, to the decomposition of the water by the cnrboo daring tbe 
cci^agralion. 

Mri. B. Certainly. — The apparatus which yonoeebeie (fig.97,) 

Fig. 37. 

DkooipsbIUoii gf waiat tqi Cu1»n. 




le gai prmliici 






, CC. PotcclalB Inta 



may be used to exemplify what we hava just said. It consists in a 
kind of open furnace, through which a porcelain tube, conlaining 
diarcoal, passes. To one end of the tuM is adapted a glass reti»t 
. with water in it ; and the other end communicates with a recdrer 
placed on the water bath. A lamp being apphod to the retort, and 
the water made to boil, the vapor is gradually conveyed through 
the redhot charcoal, by whicli it is decomposed ; and the hydrogen 
gas, which resnlts from thia decomposition, is collected in the le- 
ceicer. But the hydro^n thus obtained ia far from being pure ; it 
retains tn solution a minute portion of carbon, ^nd contains also > 
quantity of carbonic acid. Tliis renders it heavier than pure hydn^ 

Ka gas, and giTes it some peculiar properties ; it ia distinguished 
, the name of eaiionaled /a/drogen gai. 



!. How would yon dewribe the experiment made by the nn«f 
'. WbU it the gai called produced "m il* eiteTOiwwl^ 
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CaroUne, And whence does it obtain 'the carbonic acid that is 
mixed with it ? 

Emihf, I belieYe I caii answer that question, Caroline. — ^From 
the union of the oxygen (proceeding from the decomposed water) 
with the carbon, wmch, you know, makes carbonic acid. 

CaroUne, True: I should have recollected that. The product 
of the decomposition of water by red-hot charcoal, therefore, is 
carbonated hydrogen gas, and carbonic acid gas. 

Mrs, B. You are perfectly right, now. 

Carbon is frequently' found combined with hydrogen, in a state 
of solidity, especially m coals, which owe their combustible nature 
to these t|vo |)rinciples. | 

£2mtfy.PIs it the hydrogen J then, that produces the flame of 
coals? '^ ' 

Mrs, B, It is so ; and when all the hydrogen is consumed, the 
carbon continues to bum without flame. But again, as I mentioned 
when speaking of the gas lights, the hydrogen gas pro'duced b3r the 
burning of coals, is not pure ; for, during uie combustion, particles 
of carMn are successively volatilized with the hjrdro^en, witn which 
they form what is called a hydr(hcarbonat, which is the principal 
pioduct of the combustion. • 

I Carbon is a very bad conductor of heatj for this reason it is em- 
ployed (in conjunction with other ingredients) for coating furnaces, 
and other chemical apparatus. 

Emily, Pray, what is the use of coating furnaces ? 

Mrs. B, In most cases in which a furnace is used, it is necessary 
to produce and preserve a great degree of heat, for which purpose, 
srery possible means are used to prevent the heat from escaping by 
communicating with other bodies, and this object is attamed by 
coating over the inside of the furnace with a kind of plaster, com- 
posed of materials that are bad conductors of heat. / 

iCarbon, combined with a small quantity of iron J forms a com- 
p^nd called plumbago, or black lead, of which pencils are made. 
This substance, agreeably to the nomenclature, vS a axrluret of 
iron, 

Emily, Why, then, is it called black lead ? 

Mrs, B. fit is an ancient name giv£n to it by ignorant people, 
Irom its shining metallic appearance | but it is certainly a most 
improper name for it, as there is not a -particle of lead, in the com 
position. There is only one mine of this mineral, which is in 
Cumberland.* : It is supposed to approach as nearly to pure carbon 
as the best prepared charcoal does, as it contains only fiveparts of 
iron, unadulterated by any other fordgn ingredients: There is 
another carburet of iron, in which the iron, though united only to 

• She meatus in England. Black lead is found in a great variety 

of places in this country. — C. 

I ■ ■ • ■ ■ ■ . ■ 

I 590. By what is tlie flame of burning coals eccaBioned ? 
' 591. Why is carbon used for coating furnaces and other chemical 
apparatus ? 

592. Of what is black lead made ? 

693. Why is it called black lead ? 

694. What is steel ? 

13* 
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an extremfly small proportkm of caibon, aoquiies Tery remaxkable 
properties | this is steel. 

CdroUne, Really ; and yet steel is maeh harder than iron ? 

Mrs, JB, •But carbon is not ductile like iron, and therefore may 
render the steel more brittle, and prevent its bending so easQy. 
Whether it is that the carbon, by introducing itself into the pores 
of the iron, and, by filling them, makes the metal both harder and 
heavier; or M^hether this change i depends upon some chemietl 
cause, I cannot pretend to decide J dvlX there is a subsequent 
operation, by which the hardness of steel is very much increased, 
which simply consists in heating the steel till it is red-hot, and then 
plunging it mto cold water. 

Carbon, besides the combination just mentioned, enters into the 
composition of a vast number of natural productions ; such, for in- 
stance, as all the various kinds of oils, which result from the com- 
bination of carbon, hydrogen, and caloric, in various proportions. 

Emily, I thought that carbon, hydrogen, and calonc, formed 
earbonated hydrogen gas. 

Mrs, B, That is the case when a small portion of carbonic add 
gas is held in solution by hydrogen gas. Difierent proportions of 
vie same principles, together with the circumstances of their union, 
produce very drflferent combinations ; of this you will see innumer 
able examples. Besides, we are not now talking of gases, but of 
carbon and hjrdrogen, combined only with a quantity of caloiic, 
sufficient to bring them to the consistency of oil or fat. 

Carolinei But oil and fat are not of the same consistence ? 

Mrs. B,\ Fat is only congealed oil ; or oil, melt(^ faxl . The one 
requires a 'little more heat to maintain it in a fluid state than the 
other. Have you never observed the fat of meat turned to oil by 
the caloric it has imbibed from the fire ? 

JEmili/, Yet oils in general, as salad-oil, and lamp-oil, do not turn 
to fat when cold ? 

Mrs, B, Not at the common temperature of the atmosphere, be 
cause they retain too much caloric to congeal at that temperature, 
but if exposed to a sufficient degree of cold, their latent heat ia 
extricated, and they become solid, fat substances. Have you never 
seen salad-oil frozen in winter ? 

Emihf, Yes ; but it appears to me in that state very di£ferent 
from animal fat. 

Mrs, ^. *The essential constituent parts of^ either vegetable or 
animal oils are the same carbon and hydrogen I their variety arises 
from the different proportions of these substarices, and from othor 
accessory ingredients that may be mixed with them. The oil of a 
whale, and the oU of roses, are, in their essential constituent parts, 
the same ; but thq one is impregnated with the offensive particles of 
animal matter, thfe other with the delicate perfume of a fiowerl 

The difference of fixed oils, and volatile or essential <nZs, cgasists 
also in the various proportions of carbon and hydrogen, ^p^ed <»]s 

595. To what is the hardness of steel owing ? 

596. What is the difference between fat and oil ? 

597. What are the essential constituent parts of oil ? 

598. What is the difference between o&naive animal, and ffseniit 
vegetable oil ' ^ 
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are those which will not evaporate withoat being decojaposedn this 
is the case with all common oils, which contain a greater proportion 
of carbon than the essential oils.V^JThe essential oils (which com- 
prehend the whole class of essences and perfumes) are lighter ; they 
contain more equal proportions of carbon and hy^gen, and are 
▼olatiluEed or evaporated without being decomposedl 

Dmify, When you sav that one kind of oil will evaporate, and 
the oth%r be decomposed., you mean, I suppose, by the application 
of heat ? X 

Mrs, B, Not necessarily ; for there are oils that will evaporate 
slowly at the common temperature of the atmosphere ; but for a 
more rapid volatilization, or for their decomposition, the. assistance 
of heat is required.* 

Caroline, 1 shall now remember, I think, that fat and oil are re- 
ally the same substances, both consisting of carbon and hydrogen ; 
that in fixed oils the carbon preponderates, and heat produces a 
decomposition ; while, in essential oils, the proportion of hydrogen 
is greater, and heat produces a volatilization only. / 

Emily. I suppose the reason why oil burns so well in lamps/ is 
because its two constituents are so combustiU) ? ^ 

Mrs. B, Certainly; the combustion of oil is just the same as 
that of a candle : if tallow, it is only oil in a concrete state ; if wax. 
or spermaceti, its chief chemical ingredients are still hydrogen ana 
carbon. 

JEndh/. I wonder, then, there should be so great a difierehce be- 
tween tallo^ and wax .^ 

Mrs. B/lmust again repeat, that the same substances, in difier- 
ent propom5ns, produce results that have sometimes scarcely any 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica- 
ble to the present case ; for tallow and wax are far from being very 
dissimilar ; the chief difference consists in the wax being a purer 
compound of carbon and hydrogen than the tallow, which retains 
more of the gross particles of animal matteX The combustion of a 
candle, and that of a lamp, both produce water and carbonic susid 
gas. Can you tell me how thess are formed ? 

Emily. Let me reflect . . . fBoth the candle and lamp bum by 
means of fixed oil — this is decomposed as the combustion goes on, 
and the constituent parts of the oil being thus separated, the carbon 
unites with a portion of oxygen from the atmosphere to form carbo- 
nic acid gas, whilst the hydrogen combines with another portion of 

• The volatile or essential oils evaporate when exposed to the air. 
Hence the .odor which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called expressed oils, as that of castor. 
&c. do not evaporate. Hence a good test of the purity of essential 
oil, is, to let a drop fall on paper. If a grease-spot remains after % 
few minutes, it is adulterated with some fixed oil. — C. 

599. What are fixed oils ? 

600. What are essential oils? 

601. Why will oil bum so well in lamps? 

602. In what does the difference between tallow sad w&x cottsutf 

603. How may the adulteration of TolatUe oil be detseled ? 

604. What are the products of the combustion of oils ? 
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oxysen and forms with it watnr.X^Ehe products, theielbie, of the 
comDustion of oils, are water, 4nd carbonio acid fs^/ 

Caroline. But we see neither water nor carbodlc acid produced 
by the combustion of a candle. 

Mrs. B. The carbonic acid gas, you know, is invisible, and the 
water being in a state of vapor is so likewise. Emily is peifi)etlj 
CQfirect in her explanation, and I am very much pleased with it. 

[All the vegetable acids consist of various proportions of carbon 
an^hydrogen, acidified by oxygen. Gums, sugar, and starch, are 
likewise com|)osed of these ingredients ; but, as the oxygen which 
they contain is not sufficient to convert them into acids, they aie 
classed with the oxyds, and called vegetable oxyd^ 

Caroline, I am extremely delighted with all tnese new ideas ; 
but, at the same time, I cannot help being apprehensive that I may 
forget many of them. 

Mrs. B. I would advise yon to take notes, or, what would answer 
better still, to write down, after every lesson, as much of it as vou 
can recollect. And, in order to fi^ive you a little assistance, I shall 
lend you the heads or index, which I occasionally consult for the 
sake of preserving some method and arrangement in these conye^ 
sations. Unless you follow some such plan, you cannot expect to 
retain nearly all that you learn, how great soever be the impression 
it may make on you at first. 

Emily. I will certainly follow your advice. Hitherto I have 
found that I recollected pretty well, what you have taught us; but 
the history of carbon is a more extensive subject than any of the 
simple bodies we have yet examined. 

Mrs. B. I have little more to say on carbon at present ; bat 
hereafter }rou will see that it performs a considerable part in chem- 
ical operations. 

Caroline. That is, I suppose, owing to its entering into the com- 
position of so great a variety of substances ? 

Mrs. B. Certainly ; it is the basis, as you have seen, of all 
vegetable matter ; and you will find that it is very essential to the 
process of animalization. But in the mineral kingdom, also, par- 
ticularly in its form of carbonic acid, we shall discover it combmed 
with a great variety of substances. 

( In chemical operations, carbon is particularly useful, from its very 
gi-eat attraction for oxygen, as it will absorb this substance from 
many oxygenated or burnt bodies, and thus de-oxygenate, m unbwm 
them, and restore them to their original combustible state J 

Caroline. I do not understand how a body can be unmimif and 
restored to its original state. This piece of tinder, for instance, 
that has been burnt, if by any means oxygen were extracted from 
it, would not be restored to its former state of linen ; for its textu)« 
is destroyed by burning, and that must be the case with all organ- 
ized or manufactured substances, as you observed in a former con- 
versation. 

Mrs. B. A compound body is decomposed by combustion in a way 
which generally precludes the possibility of restoring it to its former 
state ; the oxygen, for instance, does not become fixed in the tinder 

605. Of what do the vegetable acids consist '' 

606. How does carbon restore ozydated substances to their combus- 
tible state' 
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but it combines with its volatile parts, and fli^ off in the shape of 
gas or watery vapor. You see, therefore, how vain it would be to 
attempt the recomposition of such bodies. But, with regard to 
simple bodies, or at least bodies whose component parts are not dis- 
'turbed by the process of oxygenation or de-oxygenation, it is often 
possible to restore them,yifler combustion, to their original state. 
The metals, for instance Amdergo no other alteration by combustion 
than a combination with T)xygenj therefore, when the oxygen is 
taken from them, they return t(/nheir pure metallic state. But I 
shall say nothing further of this at present, as the metals will furnish 
ample subject for another morning ; and they are the class of sim- 
ple bodies that come next under consideration. 



CONTERSATION X. 
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ON METALS. ) 

Mrs. B, The metai.8, which we are now to examine, are bpdies 
of a very different nature from those which we have hitherto conr 
sidered. They do not, like the bases of gases, elude the observa- 
tion of our senses ; for, they are the most briUiant, the most pon- 
derous, and the most palpable substances in nature. 

Caroline, I doubt, however, whether the metals will appear to us 
so interesting, and oive us so much entertainment, as those myste- 
rious elements whicti conceal themselves from our view. Besides, 
they cannot afford so much novelty : they are bodies with which we 
are already so well acquainted. 

Mrs. B. You are not aware, my dear, of the interesting discove- 
ries which were a few years ago made by Sir H. Davy, respecting 
this class of bodies. By the aid of the Voltaic battery , he has obtained 
from a variety of substances, metals before unknown, the properties 
of which are equally new and curious. We shall begin, however, by 
noticing those metals with which you profess to be so well acquaint- 
ed. But the acquaintance, you will soon perceive, is but very super- 
^ficial, and I trust you will find bqjh novelty and entertainment in 
considering the metals in a chemical point of view. To treat of this 
subject fully, would require a whole course of lectures ; for metals 
form of themselves, a most important branch of practical chemistry. 
We must, therefore, confine ourselves to a general view of them. 
These bodies are seldom found naturally in tlieir metallic form : they 
are generally more or less oxygenated, or combined with sulphur, 
earths, or acids, and arc oflen blended with each other. They are 
found buried in the bowels of the earth in most parts of the world, 
but chiefly i;i mountainous districts, where the surface of the fflobe 
has been ilnturbed by caribquakes, volcanoes, and other convulsions 
of nature, vfhey are spread in strata or beds, called veins, and these 
"eins are composed oi' a certain quantity of metal, combined with 

607. What alteration do luptals uodt^rgo from combustion?' 

6()S. What 13 the subject of this conversation ? 

6i)9. Are metals genoraliy fuund in their pure metslUo state ? 

GIO. In what state are tlioy usuilly fmnd to exist? " 



611. In what ;>Jacrs an* thev chiffly discovered^ 
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▼ariouB earthy suberUuices, with which they form nunerals of difie^ 
ent natare and appearance, which are called ores. 

Caroline. I now feel quite at home, for my father has a lead mine 
in Ybrkshire, and I have heard a great deal about veins of ore, and 
of the roasting and smelting of lead ; but, I confess that I do not 
understand in what these operations consist. 

Mrs. B. Roasting is the process by which the volatile parts of 
the ore are evaporated ; smelting, that by which the pure metal is 
afterwards separated from the earthy remains of the ore. This is 
done by throwing the whole into a furnace, and mixing it with cer- 
tain substances that will combine with the earthy parts and other 
foreign ingredients of the ore ;- the metal being the heaviest, falls 
to the bottom, and runs out by proper openings, in its pure metallic 
state. 

Emily. You told us in a preceding lesson, that metals had a great 
affinity for oxygen. Do they not, therefore, combine with oxygen, 
when strongly heated in the furnace, and run out in the state of 
oxyds ? 

Mrs. B. No ; for the scorise, or oxyd, which soon forms on the 
surface of the fused metal when it is oxydable, prevents the air 
from having any further influence on the mass ; so that neither 
combustion nor oxygenation can take place. 

Caroline. Are all the metals equally combustible ? 

Mrs. B. No; their attraction for oxygen varies extremely. 
There are some that will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
oxydate spontaneously, and with great rapidity, even at the lowest 
temperature ; such is, in particular, manganese, which scarcely 
ever exists in the metallic state, as it immediately absorbs oxygen 
on being exposed to the air, and crumbles to an oxyd in the course 
of a few hours. 

Emily. Is not that the oxyd from which you extracted the oxy 
gen gas ? 

Mrs. B. It is : so that, you see, this. metal attracts oxygen at a 
low temperature, and parts with it when strongly heated. 

Emily. Is there any other metal that oxydates at the temperature 
of the atmosphere ? 

Mrs. B. They all do, more or less, excepting gold, silver, and 
platina. 

Copper, lead, and iron, oxydate slowly in the air, and cover them- 
selves with a sort of rust, a process which depends on the gradual 
conversion of the surface into an oxyd. This rusty surface pre- 
serves the interior metal from oxydation, as it prevents the air from 
coming in contact with it. Strictly speaking, however, the word 
rust applies only to the oxyd, which forms on the surface of iron, 
when exposed to air and moisture, which oxyd appears to be united 
with a small portion of carbonic acid. 

612. How are they refined ? 

613. What prevents the combustion and oxygenation of metals, when 
in a state of fusion ? 

614. Are all metals equally combustible ? 

615. To what is their difierence in this respect owing } 

616. Do metals oxvdate on beiug exposed to the air ? 

617. By what is the rust occasionea that takes place on copper and 
toaF 
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Emify, When metals oxydate from the atmosphere without an 
elevation of temperature, some light and heat, I suppose, must be 
disengaged, though not in sufficient quantities to be sensible. 

Ms. B, Undoubtedly ; and, indeed, it is not surprising that, in 
this case, the light and heat should not be sensible, when you con- 
sider how extremely slow, and, indeed, how imperfectly, most met- 
a]8 oxydate by mere exposure to the atmosphere. For the quantity 
of oxygen with which metals are capable of combining, generally 
depends upon their temperature ; and the absorption stops at van- 
DOS points of oxydation, according to the degree to which their tem- 
perature is rabed. 

Emihf, That seems very natural ; for the greater the quantity of 
caloric introduced into a metal, the more will its positive electricity 
be exalted, and consequently the stronger will be its affinity for ox- 
ygen. 

Mrs, B. Certainly. When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
takes place. But this happens only at very high tenaperatures, 
and the product is nevertheless an oxyd ; for though, as I have just 
said, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them, they are not susceptible of 
acidification. 

Metals change color during the different degrees of oxydation 
which they undergo. Lead, when heated in contact with the at- 
mosphere, first becomes gray ; if its temperature be then raised, it 
turns yellow, and a still stronger heat changes it to red. And it is 
even capable of a stronger degree of oxydation, in which the oxyd 
is jmce colored. Iron becomes successively a green, brown and 
white oxyd. Copper changes from brown to blue, and lastly green. 

Emily. Pray, is the white lead ^^n^h which houses are painted, 
prepared by oxydating lead ? 

. Mrs. B. Not merely by oxydating, but by being also united with 
carbonic acid. It is a carbonat of lead. The mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing less 
oxygen. Almost all the iretallic oxyds are used as paints. The 
various sorts of ochres consist chiefly of iron more or less oxydated. 
And it is a remarkable circumstance, that if you burn metals rapid- 
ly, the light or flame they emit during combustion partakes of the 
colors which the oxyd successively assumes. 

Caroline. How is that accounted for, Mrs. B., since light does 
not proceed from thu burning body,, but from the decomposition of 
the oxygen gas ? 

Mrs. B. The correspondence of the color of the light, with that 
of the OiCyd which emits it, is, in all probability, owin? to some par- 
ticles of tne metal which are volatilized and carried oflTby the caloric. 

618. Are light and heat disengaged when metals oxydate from the 
atmosphere, without an elevation of temperature ? 

619. Why are they not perceived ? 

620. What changes of color do lead, iron, and copper undergo during 
their difierent degrees of oxydation f 

621. How is common white lead obtained ? 

622. For what purpose are most of the metallic oxyds used ? 

623. How are yellow paints or ochres obtained, or of wliat axe they 
composed ? 
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Cfaro&w. It iadien a Mrtof metalliepi 

Dnihf. Why is it reckoned u 
a place where metals are roeldng ! 

Mti. B. Perhaps the notion is too gener&llj enlertaiiied. Bal it 
isbve with respect to lead, and some otiier nozioiiamet^,bemnw 
nnleaa care be taken, the particles of the oiyd which bm TolatiliBd 
^7 the heat are inhaled with the tweathi and may produce dangetooa 

I nrnst show jnn soma 
instances of the combi*- 
tioa of metals; itwooldre- 
qnire the heat of s fornue 
to make them bum inths 
common sir, but if wa 
supply them with aaErean 
of osjgen gas, we nm) 
essilv accomplish it. 

C^raliM. It will still, i 
suppose, ho nccessarj in 
some degree to raise thai 
tempetature 1 

Mrs. B. This, aa yoa 
shait see, is very easily 
done, putticulsrl^ if tha 
experiment be tned Epon 
a small scale. I begin bf 
lightin^ihis piece of char- 
coal milh the candle, and 
then increase the rapiditj 
of its combupllon by blow- 
ing upon it with a blow- 
pipe. (Fig. 28, No. 1.) 

Emily. That I do Dot 
understand : for it is not 
every kind of air, but 
merely oiygen gas, that 

8 reduces combustion. — 
fow you said ttiat m 
breathing we inspired, hut 
did not expire oxygen gas. 
— Why, therefore, should 
^ the air which yon breatlie 
through the blow-pipe 
, — promote the combnstiou 
neutsbj Dicini of the charcoal ! 
■ninn' Tmei'hi ■'^"' ■^- Because the 
IB a nitiia of air which has but once 
o>y|en e" itoni » KM-hoider, jjassed tlirouBh the lungs, 

is yet but. little altered, a small portion only of ils oxygen 
being deslnlyed ; ao that a great deal more is gained by increas- 
ing the rapidity of the current, by means of the blow-pipe, than 

<S4. Why is it reckoaed onwholeaouw to breathe tile air of a pMos 
in which metals aie melttng .' 
095 What f%» prodnees oomboiliaB ' 




is lost in conseqaence of the air passing once through the lungs, as 
you shall see — 

Emily, Yes, indeed, it makes the charcoal burn much brighter. 

Mrs* B* Whilst it is red hot, I shall drop some iron filings on 
it, and supply them with a current of oxygen j§^as, by means of this 
apparatus, (Fig. 28, No. 2,) which consists simply of a closed tin 
eylindrical vessel, full of oxygen gas, with two apertures and stop* 
cocks, by one 6i which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other, the gas is forced out 
tiirough a blow-pipe adapted to it, as the water gains admittance. 
Now that I pour water into the funnel, you may hear the gas issu- 
ing from the blow-pipe. T bring the charcoal close to the current, 
and drop the filings upon it — 

Caroline. The}[ emit much the same vivid light as the combus- 
tion of "^e iron wire in oxygen ^^3* 

^Mrs, B. The process is, in fact, the same ; there is only some 
difference in the mode of conducting it. Let us burn some tin in 
the same maoner^-you see that it is equally combustible. Let us 
now try some copper- — 

Caroline, This bums with a greenish flame ; it is, I suppose, 
owing to the color of the oxyd ? 

Umify. Pray, shall we not also bum some gold ? 
^ Mrs, B* That is not in our power, at least, in this way. Grold, 
•ihrer, and platina, are incapable of being oxydated by the greatest 
heat that we can procure by the common method. It is from this 
cncumstance, that they have been called perfect metals. Even 
these, however, have an afifmity for oxygen ; but their oxydations 
or combustion can be performed only by means of acids, or by 
electricity. 

The spark given out by the Voltaic battery produces at the point 
Xii eontact, a greater degree of heat than any other process ; and 
it is at this very hi^h temperature only that the amnity of these 
metals for oxygen will enable them to act on each other. 

I am sorry that I cannot show ^ou the combustion of the perfect 
metals by this process, but it ^requires a considerable Voltaic battery. 
You will see these experiments performed in the most perfect man- 
ner, when you attend the chemical lectures of the Royal Institution. 
But in the mean time I can, without difiiculty, show you an ingen- 
ious apparatus lately contrived for the purpose of producing intense 
heats, the power of which nearly equals mat of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of 
iron or copper, (Fig. 29,) to which may be adapted the air syringe 
or condensing pump, and a stop-cock, terminating in a small orifice 
similar to that of a blow-pipe. By working the condensing s}rrinp^ 
up and down in this manner, a quantity of air is accumulated in the 
Vessel, which may be increased to almost any extent, so that, if we 
now turn the stop-cock, the condensed air will rush out, forming a 
jet of considerable force ; and if we place the flame of a lamp in 
the current, you will see how violently the flame is driven in that 

direction. 

- - — ■.■.... .... ■ _^^— ^-^— — ^^^^— ^-^» 

G2G. What is represented by figure 28 P 
687. What metals have been called perfect? 
028. Why have they been thus called ? 
089^ What ii repvessnted by figure 29 ? 

14 
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A, the Ttaervoir of condensed air. B, the eondenslnc qniBfa. 
C, the bladder for oxygen, jp, the moveable Jet. 

Caroline, It seems to be exactly the same efiect as thai of a 
blow-])ipe worked by the mouth, only much stroD^r. 

Emily, Yes ; and the instrument has this additional advantagSi 
that it does not fatigue the mouth and lungs like the common blow- 
pipe, and requires no art in blowing. 

Mrs. B, Unq^uestionably ; but yet this blow-pipe would be of 
very limited utility, if' its energy and power could not be greatly 
increased by some other contrivance. Can you imagine any mode 
of producing such an eilect ? 

Emily. Could not the reservoir be charged with pure oxygen in- 
stead of common air, as in the case of the gas-holder. 

Mrs. B. Undoubtedly ; this is precisely the contrivance I allude 
to. The vessel need only be supplied with air from a bladder full 
of oxygen, instead of the air of the room, and this, you see, may 
be easfly done by screwing the bladder on the upper part of the 
S3rringe, so that in working the syringe the oxygen gas is forced 
from the bladder into the condensing vessel. 

Caroline. With the aid of this small apparatus, therefore, we 
oould obtain the same effects as those we have just produced with 
the gas-holder, by means of a column of water forcing the gas out 
of it. 

Mrs, B. Yes ; and much more conveniently so. But there is a 
mode of using tiiis apparatus, by which more powerful efl^ts sdll 
may be obtained. It consists in condensing in the reservoir, not 
oxygen alone, but a mixture of oxygen and hydrogen in the exact 
proportion in which they unite to produce water ; and then kindle 

630. How could the reservoir in that figure be supplied with pore 
•xyeen ? 
o31. How is the most intense heat produced ? 
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the jet fimned by the mixed grasee. The heat disenga^d by this 
oombustion, without the help of any lamp, is probably the most 
intense known ; and various effects are said to have been obtained 
fix)m it which exceed all expectation. 

Caroline, But why should we not try this experiment ? 

Mrs. B. Because it is not exempt from danger ; • the combus- 
tion (notwithstanding various contrivances which have been resorted 
to with a view to prevent accident) being apt to penetrate into the 
inside of the vessel, and to produqe a dangerous and violent explo- 
sion. We shall, therefore, now proceed to our subject. 

Carcline. I think you said the oxyds of metals could be restored 
to their metallic state ? 

Mrs. B, Yes ; this operation is called reviving a metal. Metals 
are in general capable of being revived hj charcoal, when heated 
red hot, charcoal having a greater attraction for oxygen than the 
metals. You need only, therefore, decompose, or unburn the oxyd 
by depriving it of its oxygen and the metal will be restored to its 
pure state. 

Emily. But will the carbon, by this process, be burnt, and be 
converted into carbonic acid ? 

Mrs. ^, Certainly. There are other combustible substances to 
which metals of a high temperature will part with their oxygen. 
They will also yield it to each other, accoraing to their several de- 
grees of attraction for it ; and if the oxygen goes into a more dense 
state in the metals which it enters, than it existed in that which it 
quits, a proportional disengagement of caloric will take place. 
/ Carohne. And cannot the oxyds of gold, silver, and platina, 
which are formed by means of aeids or of the electric fluid, be re- 
stored to their metallic state ? 

Mrs. B. Yes, they may, and the intervention of a combustible 
body is not required ; heat alone will take the oxygen from them, ^ 
convert it into gas, and reyive the metal. 

JEMhf. You said that rust was an oxyd of iron ; how is it, then, 
that water, or merely dampness, produces it, which you know, it 
▼ery frequently does on steel grates, or any iroR instruments ? 

• Hydrogen and oxygen may be burned together with the most 
perfect salety by means of the compound hlow^pe, an instrument 
invented by Prof. Hare, of Philadelphia. Instead of mixing the 
gases in the same reservoir, they are kept separate until they meet 
at the point of combustion. An account of this blow-pipe is given 
by Prof. Silliman, in his edition of Henry ^s chemistry, together with 
a list of experiments made with it on various substances. This was 
the first notice of any experiment made by burning the two gases 
toget)ier, for the purpose of obtaining an intense heat. — -O. 



632. How may oxygen and hydrogen he burned together with safety f 

633. -What is called reviving a metal ? 
684. By what are metids revived ? *• 

635. What effect u produced on the carbon which is used to revive 
a meial ? 

636. Can the oxyds of the perfect metals be restored to their metalUo 
state? 

637. By what means? 
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Mrs. B. In that oaae the metal decompoaes the water, or damp- 
ness (which is nothing but water in a state of yapor,) aiid oblUBi 
the oxygen from it. 

Caroline. I thought that it was necessary to bring metals to a 
very high temperature to enable them to decompose water. 

Mrs. B. It is 80, if* it is required that the process should be 
performed rapidly, and if any considerable quantity is to be decom- 
posed. Rust, you know, is sometimes months in rorming, and thea 
It is only the surface of the metal that is oxydated. 

Einily. Metals, then, that do not rust, are incapable of ^KMitans- 
ous oxydation, either by air or water ? 

Mrs. B. Yes ; and this is the case with the perfect metals, whiek 
on that account, preserve their metallic lustre so well. 

Emily. Are all metals capable of decomposing water, provided 
their temperature be sufficiently raised ? 

Mrs. B. No ; a certain degree of attraction is requisite, besides 
the assistance of heat. Water, you recollect, is composed of oiy- 

fen and hydrogen ; and, unless the affinity of the metal for ozygoi 
e stronger than that of the hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the hydrc^en.— 
Iron, zinc, tin, and antimony, have a stronger affinity for oxygen 
than hydrogen has, therefore these four metals are capabk of 
decomposing water. But hydrogen, having an advanta^ over all 
the othei metals with respect to its affinity for oxygen, it not only 
vnthholds its oxygen from them, but is even capable, under certain 
circumstances, of taking the oxygen from the oxyds of these 
metals. 

Emihf. I confess that I do not quite understand why hydrogen 
can take oxygen from those metals which do not decompose watenr. 

Caroline. Now I think I do perfecdy. Lead, for instance, will 
not decompose water, because it has not so strong an attraction fix 
oxygen as hydrogen has. Well, then, suppose Sie lead to be in a 
state of oxyd ; hydrogen will take the oxyd from the lead, and 
unite with it to form water, because hydro^n has a stronger aSr 
traction than oxygen has for lead, and it is the same with all the 
other metals, which do not decompose water. 

Emily. I understand your explanation, Caroline, very well ; and 
I imagine that it is because lead cannot decompose water that it is 
BO much employed for pipes for conveying that fluid.* 

Mrs. B. Certainly ; lead is, on that account, particularly appro- 
priate to such purposes ; whilst, on the contrary, this metal, if it 
was oxydable by water, would impart to it very noxious qnalitiesi 
as all oxyds of lead are more or less pernicious. 

* Lead is capable of decomposing wat^, and when suffered to 
stand long in a vessel of this metal, it becomes poisonous. When 
•jsed. merely to convey water, there is but little danger. — C. 

638. If rust is an oxyd 'of iron, why is it that water or damjAietf 
causes it ? 

G39. Do the metals oxydate on being exposed to the air ? 

640. Why will not the perfect metals rust ? 

641. What metals are capable of decomposiog MTater .' 

642. Why cannot all metals decompose water? 
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Bat with regfard to the oxydation of metals, the most j>owerful 
mode of ejecting it is by me^ns of acids. These, yoa know, coa- 
tain a much greatei proportion of oxygen than either air or water ; 
and will, most of them, easily 3neld it to metals. 

Thns, you recollect, the zinc plates of the Voltaic battery are oxy- 
dated by the acid and water, much more efiectually than by water 
alone. - 

Caroline. And I have often observed that if I drop vinegar, lem- 
on, or any acid on the blade of a knife, or on a pair of sciss^, it 
will immediately produce a spot of rust. 

Emily. Metals have, then , three ways of obtaining oxygen ; from 
the atmosphere, from water, and from acids. 

Mrs. B. The first two you have already witnessed ; and I shall 
now show you how metals take the oxygen from an acid. This 
bottle contains nitric acid ; I shall pour some of it over this piece 
of copper leaf. 

Caroline. Oh, what a disagreeable smell ! 

Emily. And what is it that produces the eiiervescence, and that 
thick yellow vapor ? 

Mrs. B. It is the acid, which, being abandoned by the greatest 
part of its oxygen, is converted into a weaker acid, which escapes 
in the form of gas. 

Caroline. And whence proceeds this heat ? 

Mrs. B. Indeed, Caroline, I think you might now be able to an- 
swer that question yourself. 

Caroline. Perhaps it is that the oxygen enters into the metal in 
a more solid state than it existed in the acid, in consequence of which 
oalorie is disengaged. 

Mrs. B. If the combination of the oxygen and the metal results 
from the union of their opposite electricities, of course caloric must 
be^ven out, 

jtknihf^ The effervescence is over ; therefore I suppose that the 
metal is now oxydated. 

Mrs. B. Yes ; but there is another important connexion between 
metals and acids, with which I must now make you acquainted. 
Metals, when in a state of oxyds, are capable of being dissolved by 
acids. In this operation they enter into a chemical combination 
litrith the acid, and form an entirely new compound. 

Caroline. But what difference is there between the oxydation and 
the dissolution of the metal by an acid ? 

Mrs. B. In the first place, the nietal merely combines with a por- 
tion of oxygen taken from the acid, which is thus partly deoxygen- 
ated, as in the instance you have iust seen ; in the second case the 
metal, after being previously oxyaated, is actually dissolved in the 

643. What is the most powerful mode of oxy dating metals ? 

644. From what do metals obtain oxygen ? 

645. When a metal dissolves an acid, what causes the efferves- 
cence? 

646. To what is the heat owing when a metal is dissolved in acid ? 

647. What state must a metal oe in before it can be dissolved by an 
•eid ? 

.648. How can a metal then be dissolved? 

649. What is the difference between the oxydation and the dissQliic 
tion of a metal by an acid ? 

14* 
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OTtf. 33ii eaten into b cheninl e umWiuti pa wiA it, widkoat M- 
i'sc'jiig' x-:r firdier decocipaatioa or efleTTesceooe. This complete 
consziL3.t.»ja ^jf la oxyd asd an aad fonns a peculiar and impOTtaat 
ciass jfeuzi-o'^iz.!: sai-s. 

ErtLy. The diderecce be t»ee a aa oxrd aad a conipoiiiid 8ih, 
thererbr?. is Terr obrious : the ooe coobms of a metal aad oxygen, 
tie T-th-er of in oxyd aai aa arid. 

.V'j. 3. Verv well : and too will be earefnl to remember that 
the metals are incapabie of enteiiiis' into this combination with 
aci<is. .mless rhej are prerioosiT oxydated ; tberefore, whenever 
Toa brinz a m^tal in coniaet with an acid, it will be firaC oxjdated, 
aud afterwirds viisaolved. provided there be a snflicient qoaptity of 
acid tcr b»jtli openuicns. 

There are «ome metals, however, whose solotion is more easily 
ace jciplished by •liliitios^ the acid in water : and the metal will, in th& 
case, be oxvdii^i. not bT the acid, bat by the water, which it will 
d-?coaipo6e. But in proportion as the oxygen of the water oxydate» 
the surlface cf the metal, the acid combines with it, washes it off, and 
leaves a tresh surf;ice tor the oxygen to act apon ; then other coats 
of oxyd are saccessively formed, and rapidly dissolTcd by the add, 
which continues combining with the new formed surfaces of oxyd 
till the whole of the metal is dissolred. During this process, the 
hydrogen gas of the water is disengaged, and fii^ off with eflferves- 
cence. 

Emily. Was not this the manner in which the sulphuric add as- 
Msted the iron filings in decomposing water ? 

Mrs. B. Exactly ; and it is thus that seyeral metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the cover- 
ing of oxyd, as it is formed, prepares a firesh surface of metal to act 
upon the water. 

Caroline. The acid here seems to act a part not yery difierent 
from that of a scrubbing brush. But pray^ would not this be a good 
method of cleansing metaUic utensils ? 

Mrs. B. Yes ; on some occasions a weak acid, as vinegar, is used 
for cleaning copper. Iron plates, too, are freed from the rust on 
their surface by diluted muriatic acid, previous to their being cov- 
ered with tin. You must remember, however, that in this mode of 
cleaning metals, the acid should be qtiickly afterwards wiped off, 
otherwise it will produce fresh oxyd. 

Caroline. Let us watch the dissolution of the copper in the nitric 
acid ; for I am ver^ impatient to see the salt that is to return from 
it. The mixture is now of a beautiful blue color ; but there is no 
appearance of the formation of a salt ; it seems to be a tedious ope- 
ration. 

Mrs. B. The crystallization of the salt requires some length of 
time to be completed ; if, however, you are too impatient, I can 
easily show you a metallic salt already formed. * 

Caroline, But that would not satisfy my curiosity half so well as 
one of our own manufacturing. 

Mn, B. It is one of our own preparing that I mean to show you. 

^en wo decomposed water a few days since, by the oxydation of 

'^i What is the difierence between a compound salt and an oxyd ^ 
Why are acids good in oleaninff rust from metals ? 
VAat otution is nooessaxy In cteuati^ m^Xa^sV) lAvda? 
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Iton filings tbtoughthe aasistaiice of sulphorb aeid, in what did the 
process consist ? 

Caroline. In proportion as the water yielded its oxygen to the 
iron, the acid combined with the new formed oxyd, and the hydro* 
gen escaped alone. 

Mrs. n. Very well ; the result, therefore, was a eomponnd salt, 
formed by the combination of sulphuric acid with oxygen of iron. 
It stiU remains in the Tessel in which the experiment was perform- 
ed. Fetch it, and we shall examine it. 

Emibf. What a variety of processes the decomposition of water, 
by a metal and an acid, implies ; 1st, the decomposition of the wa- 
t^* ; 2dly, the oxydation of the metsd ; and 3dly, the formation of 
a compound salt. 

Caroline, Here it is, Mrs. B. What beautiful green crystals ! 
But we do not perceive any crystals in the solution of copper in ni- 
trous acid. 

Mrs. B. Because the salt is now suspended in the water which 
the nitrous acid contains, and will remain so till it is deposited, in • 
consequence of rest and cooling. 

DmUy, I am surprised that a body so opaque as iron can be con- 
verted mto such transparent crystals. 

Mrs. B. It is the union with the acid, that produces the transpa* 
rency ; for if the pure metal were melted, and afterwards permitted 
to cool and crystallize, it would be found just as opaque as before. 

Emity» I do not understand the exact meaning of crystallization, 

Mrs. B. You recollect that when a solid body is dissolved, either 
by water or caloric, it is not decomposed ; but that its integrant 
parts are only suspended in the solvent. When the solution is made 
m water, the integrant particles of the body will, on the water being 
evaporated, again unite into a solid mass, by the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its particles re-unite, 
than to reduce its temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separate by evaporation, or by 
cooling, and care taken that the particles be not agitated during 
their re-union, they will arrange themselves in regular masses, each' 
individual substance assuming a peculiar form or arrangement ; and 
this is what is called crystallization. 

Emily. Crystallization, therefore, is simply the re-union of the 
particles of a solid body which has been dissolved in a fluid.* 

Mrs. B. That is a very good definition of it. But I must not 
forget to observe, that heat and water may unite their solvent pow- 
ers, and in this case, crystallization may be hastened by cooling, as 
well as by evaporating the liquid. 

Caroline. But if the body dissolved is of a volatile nature, will it 
not evaporate with the fluid ? 

* Not exactly, because the particles of the fluid make a part of 
the crystal. Crystallization is that process by which the iMurticles 
of bodies unite to form solids of certain and regular shapes. — C. 

^3. What procesaes does the decomposition ef water by a metal and 
an acid imply ? 
654. What causes crystallized iron to lie transpMsnt f 
a. What is erystalUzationf 
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Afrf . B. A crystaDixed body held in aoliitkm oiil> by water is 
scarcely ever so volatile as the fluid itself; and care must be tsdcen 
to manaee the- heat so that it may be sufficient to evaporate the 
water oniv. 

I should not omit also to mention that bodies, in crystallizing from 
their watery solution, alwa3^ retain a small portion of water, which 
remains confined in the crystal, in a solid form, and does not re- 
appear unless the body loses its cr3rstalline state. This is called the 
vxuer of crystalUzotion, But you must observe, that whilst a body 
may be separated from it9 solution in water or caloric simply by 
cooling or by evaporation, an add can be taken from a metal with 
which it is comlmied only by stronger affinities, which produce a 
decomposition. 

Emihf, Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids ? 

Mrs. B, Gold is acted upon by only one acid, the oaygenatei 
muriatic^ a very remarkable acid, which, when it is in its most con- 
• centrated state, dissolves gold or any other metal, by burning them 
rapidly. 

Grold can, it is true, be dissolved likewise by a mixture of two 
acids, commonly called a^ua regia ; but this mixed solvent derives 
that property from containing the peculiar acid which I have just 
mentioned. Platina is also acted upon by this acid only ; silver is 
dissolved by nitric acid. 

Caroline, I think you said that some ef the metala might be so 
strongly oxydated as to become acid ? 

Mrs. B. There are five metals, arsenic, molybdean, chrome, 
tungsten, and columbium, which are susceptible of combining with 
a sufficient quantity of oxygen to be converted into acids. 

Caroline. Acids are connected with metals in such a variety of 
ways, that I am afraid of some confusion in remembering them. In 
the first place, acids will yield their oxygen to metals. Secondly, 
they will combine with them in their state of oxyds, to form com- 
pound salts ; and lastly, several of the metals are themselves sus- 
ceptible of acidification. 

Mrs. B. Very well ; but though metals have so great an afilnity 
for acids, it is not with that class of bodies alone that they will com- 
bine. They are most of them, in their simple state, capable of 
uniting with sulphur, with phosphorus, w4th carbon, and with each 
other; these combinations, according to the nomenclature which 
was explained to you on a former occasion, are called, sulphurets, 
phosphorets, carburets, &c. 

The metallic phosphorets oflfer nothing very remarkable. The 
sulphurets form the peculiar kind of mineral called pyrites, firom 
which certain kind of mineral waters, as those of Harrowgate, derive 

6.55. What is the water of crystallization ? 

656. Are the perfect metals susceptible of being dissolved and con- 
verted into compound salts by acids ? 

657. Can any of the metals combine with so great a quantity of oxy- 
gen as to become acids ? • 

658. With what other substances besides acids, will metals com- 
bine ? 

659. What are the combinations ^ the metals with eaeh other 
called? 



tiietr ^ef cbemicai propertieflu In this oombinatidn, the Bolphnr, 
together with the iron, hieiye so stronff an attraction for oxygen, that 
they both obtain it from the air and from water, and by condensing 
h in a solid form, produce the heat which raises the temperature of 
the water in suclv a remarkable degree. 

EnUh^, But if p^rrites obtain oxygen from water, that water most 
suffer a decomposition, and hydrogen gas be evolved. 

Mrs. B. That is actually the case in the hot springs alluded to, 
which give out an extremely fetid gas, composed of hydrogen, im- 
pregnated with sulphur. 

Caroline, If I recollect right, steel and plumbago, which .you 
mentioned in the last lesson, are both carburets of iron. 

Mrs, B, Yes ; and they are ^e only carburets of much conse- 
quence. 

A curious combination of metals has lately Tery much attracted 
tiie attention of the scientific world : I mean the meteoric stones 
which iall from the atmosphere, lliey consist principaUy of native 
or pure iron, which is never found in that state m the bowels of the 
earth ; * and contain also a small quantity of nickel and chrome, ft 
combination likewise new in the mineral kingdom. 

These circumstances have led many scientific persons to believe 
that those substances have fallen from the moon, or some other 
planet, while others are of opinion either that they ace formed in 
the atmosphere, or are projected into it by some unknown volcano, 
on the surface of our globe. 

Caroline. I have heard much of these stones, but I believe many 
people are of opinion that they are formed on the surface of the 
earth, and laugh at their pretended celestial oricfin. 

Mrs. B. The fact of their falling is so well ascertained that I 
think no person who has at all investigated the subject, can now 
entertain any doubt of it. Specimens of these stones nave been dis- 
covered in all parts of the world, and to each of them some tradition 
or story of its fall has been found connected. And as the analysis 
of all ^\'os& specimens afibrd precisely the same results, there is 

*This seems to be a mistake. Several localities of native iron, 
found in veins, are pointed* out by authors. In several instances 
large blocks of native iron have been found on the surface of the 
earth. — One found by Prof. Pallas in Siberia, weighed 1600 lbs. 
Another found in South America, is said to weigh 30,000 lbs., &rC. 
These have been suspected to be of meteoric origin, though nothing 
is known which makes this certain. Those stones which are known 
beyond a doubt to have fallen from the atmosphere, have a very 
difierent composition. These generally contain the following ingre- 
dients, viz. iron, nickel, chrome, oxide of iron, sulphur, sikx, Itme, 
magnesia, and alumine. The iron rarely amounts to a quarter of 
the whole. Accounts are recorded of the filing of stones, sulphur, 
&c. in every age since the Christian era, and in almost every part 
of the world »--C. 
'■' ■ ' ' . ' .«. ■ 

660. What are the most important carburets ? 

661. Of what do the meteoric stones which have attraoted so much 
attention from the. scientific world, consist? 

662. What opinidns have been entertained as to the origin </ these 
itoaes? 
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Strong reason to conjecture that they all proceed from the mm 
source. It js to Mr. Howard that philosophers are indebted for 
having first analysed these stones, and directed their attention to 
this interesting subject. , 

Emily. But pray, Mrs. B., how can solid masses of iron and 
nickel be formed from the atmosphere, which consists of the two 
airs, nitrogen and oxygen ? 

Mrs. B. I really do not see how they could, and think it moch 
more probable that they fall from the moon, or some other celestial 
body. But we must not suffer this digression to take np too moch 
of our time. 

The combinations of metals i¥ith each other are called alloya; 
thu9 brass is an alloy of copper and zinc ; bronze of copper and- 
tin, &c. 

Emily. And is not pewter also a combination of metal ? 

Mrs. B. It is. The pewter made in this country is mostly com- 
posed of tin, with a very small proportion of zinc and lead. 

Caroline, Block-tin is a kind of pewter, I believe ? 

Mrs. B. Properly speaking, block-tin means tin in blocks, or 
square massive ingots ; but m the sense in which it is used by 
ignorant workmen, it is iron plated with tin, which renders it more 
durable, as tin will not so easily rust. Tin alone, however, wookl 
be too soft a metal to be worked for conunon use, and all tin vessels 
and utensils are in fact made of plates of iron, thinly coated vith 
tin, which prevents the iron from rusting. 

Caroline. Say rather oxydating, Mrs. B. — ^Rust, is a word that 
ought to be exploded in chemistry. 

Mrs. B. Take care, however, not to introduce the word oj ydate 
instead of rust, in general conversation ; for you would pr oably 
not be understood, and you might be suspected of afiectatiot . 

Metals differ very much in their affinity for each othev ; some 
will not unite at all, others readily combine together, and on this 
property of metals the art of soldering depends. 

JEmUy. What is soldering ? 

Mrs. B. It is joining two pieces of metal together, by a more 
fusible metal interposed between them. Thus tin is a solder for 
lead ; brass, gold, or silver, are solder for iron, &c. 

Caroline, And is not plating metals something of the same 
nature ? 

Mrs. B. In the operation of plating, two metals are united, one 
being covered with the other, out without the intervention of a 
third : iron or copper may thus be covered with gojd or silver. 

Emily, Mercury appears to me of a very different nature from 
the other metals. 

Mrs. B. One of its greatest peculiarities is, that it retains a fluid 
state at the temperature of the atmosphere. . All metals are frisible 
at diff!erent degrees of heat, and they hare likewise each the prop- 
erty of freezing or becoming solid at a certain fixed temperature.-— 

663. Who first analysed these stones ? 

664. What are the combinations of metals with each other called? 

665. Of what is brass an alloy ? 

666. Of what is pewter composed? 

667. What is block-tm ? 

668. On what does the art of soldering depend ? 
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Meieury eongeab only at seventy-two degrees below the freezing 
point. 
Emify. That is to say, that in order to freeze, it requires a tern- 

g^rattire of seyenty-two degrees colder than that at whidi water 
eezes. 

Mrs. B, Exactly so. 

Caroline. But is the temperature of the atmoi^here ever so low 
as that? 

Mrs. B. Yes, often in Siberia ; but happily never m this part of 
the globe. Here, however, mercury may be congealed by artifi- 
cial cold ; I mean such intense cold as can be produced by some 
ehemical mixtures, or by the rapid evaporation of ether under the 
air pump.* 

Caroltnje, And can mercury be made to boil and evaporate ? 

Mrs. B. Yes, like" any other liquid; only it requires a much 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several other 
metals ; and, if mixed with any of them in a sufficient proportion, 
it penetrates the solid metal, softens it, loses its own fluidity, and 
forms an atiudgam, which is the name given to the combination of 
any metal with mercury, forming, a substance more or less solid, 
according as the mercury or the other metal predominates. 

Ermly, In the list of metals, there arc some whose names I have 
never before heard mentioned. 

Mrs. B. Besides those which Sir H. Davy has obtained, there 
are several that have been recently discovered, whose properties are 
vet but little known, as for instance, titanium, which was discovered 
by the Rev. Mr. Gregor, in the tin mines of Cornwall ; columbium 
or tantalium, which has lately been discovered by Mr. Hatchett ; 
and osmium, iridium, palladium, and rhodium, all of which Dr. 
Wollaston and Mr. Tenant found mixed in minute quantities with 
crude platina, and the distinct existence of which they proved by 
curious and delicate experiments. More recently still, Professor 
Berzelius has discovered in a pyritic ore, at Fahlun, in Sweden, a 
metallic substance, which he has called selenium, and which has 
the singular peculiarity of assuming the form of a yellow gas when 
heated in close vessels. In some of its properties, this substance 
seems to hold a medium between the combustibles and the metals. 
It bears, in particular, a strong analogy to sulphur. 

Caroline. Arsenic has been mentioned amongst the metals; I 
had no notion that it belonged to that class of bodies, for I had 
never seen it but as a powder, and never thought of it but as a 
most deadly poison. 

Mrs. B. In its pure metallic state, I believe it is not so poisonous; 
but it has such a great affinity for oxygen, that it absorbs it from the 
atmosphere at its natural temperature ; you have seen it therefore, 

* By a process analagous to that deacribed, page 81 of this work. 



6()9. At what temperature will mercury congeal ? 

670. At wli»t temperature will it boil and evaporate ? 

671. What is the combination of metal with mercury called ? 
673. What metaU have been recently discovered ? 

673. What is tlM oatora] state oi araepie ? 
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only in its state of oxyd, when, from its combinaftkm wiili oxygoi, 
it has acquired its ver3r poisonoas properties. 

Caroline. Is it possible that oxy^n can impart poisonous qiialh 
ties ? That yaluable substance which produces light and fire, and 
which all bodies in nature are so eager to obtain? 

Mrs, B. Most of the metaUic oxyds are poisonous, and derive 
this property from their union with oxygen. The white lead, so 
much used in paint, owes its pernicious effects to oxygen. In gea- 
eral, oxygen in a concrete state, appears to be particularly des&io- 
tive in its effects on flesh or any animal matter ; and those oxyds 
are most caustic that have an acrid, burning taste, which proceeds 
from the metal having but a slight affinity for oxygen, and tneiefora 
easily yielding to the flesh, which it corrodes and destroys. 

Emily. What lb the meaning of the word causticy which yoa have 
just used ? 

Mrs. B. It expresses that property which some bodies 




of disorganizing and destroying animal matter, by operating a kii 
of combustion, or at least a chemical decomposition. Yon most 
often have heard of caustic used to bum warts, or other aeimal 
excrescences ; most of these bodies owe their destructive power is 
the oxygen with which they are combined. The oonomon caostio 
called lunar causticy is a compound formed by the miion of nitric 
acid and silver ; and it is supposed to owe its caustic qualities to the 
oxygen contained in the nitric acid. 

Caroline. But, pray, are not acids still more caustic than oxyds, 
as they contain a greater proportion of oxygen ? 

Mrss B^ Some of the acids are ; but the caustic property of a 
body depends not only upon the quantity of oxygen which it con* 
tainS) but also upon its slight affinity tot that principle, and the 
consequent facility with which it yields it. • 

Emily. Is not ths destructive property of oxygen accounted for ? 

Mrs. B. It proceeds probably from the strong attraction of oxy- 
gen for hydrogen ; for if the one rapidly absorb the other from the 
animal fibre, a disorganization of the substance must ensue. 

Emily. Caustics, are, then, very properly said to hum the flesh, 
since the combination of oxygen and hydrogen is an actual con^ 
bustion. 

Caroline. Novsr, I think, this effect would be more properly termed 
an oxydation, as there is no disengagement of light and heat. 

Mrs. B. But there really is a sensation of heat produced by the 
action of caustics. 

Emily. If oxygen is so caustic, why does not that which is con- 
tained in the atmosphere burn us ? 

Mrs. B. Because it is in a gaseous state, and has a greater 
attraction for its electricity than for the hydrogen of our' bodies. 
Besides, should the air be slightly caustic, we are in a great meas- 
ure sheltered from its effects by the skin : you know how much a 

wound, however trifling, smarts on being exposed to it. 

■ — 

G74. From what do metals derive their poisonous properties f 

675. What is a caustic ? 

C76. On what does the caustic property of a body depend ? 

677. How is this destructive property of oxygen accounted for f 

678. If oxygen is of a caustic tendency, whv does not tlial bum at| 
which it contained in the atmosi^re ' - 
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Caroline, It is a curious idea, howeyei, that we should Uto in a 
slow fire. But, if the air was caustic, would it not have an acrid 
taste ? 

Mrs, B. It possibly may have such a taste ; though in so slight 
a degree, that custom has rendered it insensible. 

(proline. And why is not water caustic ? Whdn I dip my hand 
into water, though cold, it ought to burn me from the caustic nature 
of its oxygen ? 

Mrs. J0. Your hand does not decompose the water ; the oxygen 
in that state is much better supplied with hydrogen tlian it would 
be by animal matter, and, if its causticity depend on its affinity for 
that principle, it will be very far from quitting its state of water to 
act upon ^rour hand. You must not forget thiit oxyds are caustic' 
in proportion as the oxygen adheres slightly to them. 

Ermh/. Since the oxyd of arsenic is poisonous, its acid, I suppose, 
is fully as much so ? 

Mrs, B, Yes, it is one of the strongest poisons in nature. 

EmUy, There is a poison called verdigris, which forms on brass 
and copper when not kept yery clean : and this I have heard, is an 
objection to these metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxy^n ? 

Mrs, B, It is produced by the intervention of oxygen, for verdi- 
ffris is a compound salt formed by the union of vinegar and copper ; 
It is a beautiful green color, and much used in painting. 

Emily, But, 1 believe, verdigris is often formed on copper when 
no vinegar has been in contact with it. 

Mrs, B, Not real verdigris, but other salts, somewhat resembling 
it, may be produced by the action of other acids on copper. . 

The solution of copper in nitric acid, if evaporated, ai^ords a salt 
which produces an efiect on tin that will surprise you, and I have 
|>repared some from the solution we made before, that I might show 
It to you. I shall first sprinkle some water on this piece of tin foil, 
and then some of the salt. — ^Now observe that I fold it up suddenly, 
and press it into one lump. 

• CaroUne. What a prodigious vapor issues from it — and sparks of 
fire, I declare ! 

Mrs, B, I thought it would surprise you. The effect, however, 
I dare say you coiUd account for, since it is merely the consequence 
of the oxygen of the salt rapidly entering into a closer combination 
vith the tin. 

There is also a beautiful ^een salt too curious to be omitted ; it 
if produced by the combination of cobalt with muriatic acid, which 
li.is the singular property of forming what is called sympathetic ink. 
(ibaracteis written with this solution are invisible when cold, but 
\vhen a gentle heat is applied, they assume a fine bluish green color. 

Carohne. 1 think one might draw very curious landscapes with 
tlie assistance of this ink ; I would first make a water 'color draw- 

7^679. Why is not water caustic ? J»* 
' (580. What is verdigris ? ' 

C81. What experiment is made with a piece of tin-foil and a solution 
oi copper in nitric acid ? 
68R1 What is colled sympathetic ink ? 
683. What arc the peculiarities of this ink ? 

16 
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ing of a winter scene, in which the trees would be leafless, and fte 
^rajBS scarcely green ; I would then trace all tLe verdure with the 
invisible ink, and whenever I chose to create spring, I should hold 
it before the fire, and its warmth would cover the landscape with a 
rich verdure. 

Mrs, B, That will be- a very amusing experiment, and I advise 
you by all means to try it. 

Before we part, 1 must introduce to your ax^uaintance the coii- 
ous metals which Sir H. Davy has recently discovered. The histo- 
ry of these extraordinary bodies is yet so much in its infancy that I 
shall confine myself to a very short account of them ; it is more 
important to point out to you the vast, and apparently inexhaustible 
field of research whiA has been thrown open to our view by Sir H. 
Davy's memorable discoveiies, than to enter into a minute acooant 
of particular bodies or experiments. 

Caroline. But I have heard that these discoveries, however splen- 
did and extraordinary, are not very likely to prove of any great 
benefit to the world, as they are rather objects of curiosity thw of 
use. 

Mrs. B, Such may be the illiberal conclusions of the ienorant 
and narrow-minded ; but those who can duly estimate the aSvanta* 
ges of enlarging the sphere of science, must be convinced that the 
acquisition of every new fact, however unconnected it may at first 
appear with practical utility, must ultimately prove beneficial to 
mankind. But these remarks are scarcely applicable to the pres- 
ent 8ul)jcet ; for some of the new metals have already proved emi* 
ncntly useful as chemical agents, and are likely soon to be employed 
in the a;-ts. For the enumeration of these metals, J must refer yoa 
to our list of simple bodies ; they are derived from the alkalies, the 
earths, and three of the acids, all of which had been hitherto con- 
sidered as undecompoundable, or simple bodies. 

When Sir II. Davy first turned his attention to the efi^ects of the 
Voltaic battery, he tried its power on a variety of compound bodies, 
and gradually brought to light a number of new and interesting 
facts, whicli led the way to more important discoveries. It would 
be highly intcrestincr to trace his steps in this new department of 
science, but it would lead us too far from our principal object. A 
general view of liis most remarkable discoveries is all that I can aim 
at, or that vou could at present understand. 

Tlie facility with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its effects on substances 
hitherto considered as simple, but which he suspected of being 
compound, and his researches were soon crowned with the most 
complete success. 

The body which he first submitted to the Voltaic battery, and 
which had never yet been decomposed, was one of the fixed alkalies 
called potash. This substance gave out an elastic lluid at the posi- 
tive wire, which was ascertained to be oxygen, and at the negative 
wire, small globules of a very high metallic lustre, very sinmar in 

684. What induced Sir H. Davy to try the effects of the Voltaic b«t- 
tcry on pubstances till then considered simple .' 

685. What was the first substance which he submitted to the Voltaitt 
battery } 

686. What was the effeet ? 
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appefurance to mercury, thus proying that potash, which had hither- 
to been considered as a simple incombustible body, was, in ^ct, a 
metallic oxyd ; and that its incombustibility proceeded from its 
being already combined with oxygen. 

Emfy, I suppose the wires used in this experiment were of pla- 
tina, as they were when you decomposed water ; for if of iron, the 
oxygen would have been combined with the wire, instead of appear- 
ing in the form of gas. 

Mrs. B, Certainly; the metal, however, would equally have been 
disengaged. Sir H. Davy has distinguished this new substance by 
the name of potassium, which is derived from that of the alkali, 
from which it is procured. I have some small pieces of it in this 
phial, but you have already seen it, as it is the metal which we 
burnt in contact with sulphur. 

Ermlyr What is the liquid in which you keep it ? 

Mrs. B. It is ihlptha, a bituminous liquid, with which I shall 
hereafter make you acquainted. It is almost the only ifluid in which 
potassium can be preserved, as it contains no oxygen, and this 
metal has so powerful an attraction for oxygen, that it will not only 
absorb it from the air, but likewise from water, or any body what- 
ever, that contains it. 

JEirmLy. This, then, is one of the bodies that oxydates spontane- 
ously without the application of heat. 

Mrs. B. Yes ; and it has this remarkable peculiarity, that it at- 
tracts oxygen much more rapidly from water than from air ; so that 
when thrown into water, however cold, it actually bursts into flame. 
I shall now throw a small piece about the size of a pin's head, on 
this drop of water. 

Caroline. It instantaneously exploded, producing a little flash of 
light ! This is, indeed, a most curious substance ! 

Mrs. B. By its combustion it is re-converted into potash ; and as 
potash is now decidedly a compound body, I shall not enter into any 
of its properties till we have completed our review of the simf>le 
bodies ; but we may here make a few observations on its basis, 
potassium. K this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of heat, but 
without any flash of light. 

Emity. But is it not very singular that it should burn better in 
water than in air ? 

Caroline. I do not think so ; for if the attraction of potassium 
for oxygen is so strong, that it finds no more difficulty in separating 
it from the hydrogen m water, than in absorbing it from the air, it 
will no doubt be more amply and rapidly supplied by water than by 
air. 

Mrs. B. That cannot, however, be precisely the reason, for when 
potassium is introduced under water, without contact of air, the 
combustion is not so rapid, and, indeed, in that case, there is no lu- 
minous appearance ; but a violent action takes place, much heat is 
excited,- the potash is regenerated, and hydrogen gas is evolved. 

687. What did this prove ? 

688. What is this now substance called ? 
68'.>. What fluid contnins no oxygen ? 

6:K). What remarkable pt^culiarity has potassium ? 
61^1. How miy potassium he recomposed ? ^ ^ 

6J?2. What win ^^• f/je m-dlt if p Uassium is pul uiiAex 'V^\«t'fn» 
hehig in coii'tirt v.l'h ::li : 



168 MBTAXt. 



« 



Potassiom is so eminently combustible, that instead of requinne 
like other metals, an elevation of temperature, it will bum rapidlj 
in contact with water, even below the freezing point. This yoo 
may witness by throwing a piece on this lump of ice. * 

Caroline. It again exploded with JBame, and has made a deep 
hole in the ice. 

Mrs. B. This hole contains a solution of potash : for the alkali 
being extremely soluble, disappears in the water the instant it is 
produced. Its presence, however, may be easUjr ascertained, alka- 
lies having the properties of changing paper, stained with turmeric 
to a red color ; if you dip one end of this slip of paper into the hole 
in the ice, you will see it change color : and the same if you wet it 
with the drop of water in wlach the first piece of potassium was 
burnt. 

Caroline. It has indeed changed the psit>er from yellow to red. 

Mrs. B. This metal will bum likewise, in carbonic acid gas, a 
gras that has always been supposed incapable of supporting combus- 
tion, as we were unacquainted with any substance tnat haaa greater 
attraction for oxygen than carbon. Potassium, however, readily 
decomposes this gas by absorbing its oxygen, as I shall show yea. 
This retort is filled with carbonic acid gas. I will put a small piece 
of potassium in it ; but for this combustion a slight elevation of 
temperature is required, fur which purpose I shall hold the retort 
over the lamp. 

Caroline. Now it has taken fire and burns with violence ! It has 
burst the retort. 

Mrs. B. Here is a piece of regenerated potash ; can you tell me 
why it has become so black ? 

Emily. No doubt it is blackened by the carbon, which, when- its 
oxygen entered into combination with the potassium, was deposited 
on its surface. 

Mrs. B. You are right. This metal is perfectly fluid at the tem- 
perature of one hundred degrees ; at fifty degrees it.is solid, but 
sofl and malleable ; at thirty-two degrees it is hard and brittle, and 
its fracture exhibits an appearance of confused crystallization. It is 
scarcely more than half as heavy as water ; its specific gravity be- 
ing about six, when water is reckoned at ten ; so that tlus metal is 
actually lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphorus, forming sul- 
phurels and phosphorets; it likewise forms alloys with several met- 
als, and amalgamates with mercury. 

Emily. But can a sufficient quantity of potassium be obtained, by 
means of the Voltaic battery, to admit of all its properties and re 
lations to other bodies, bein^ satisfactorily ascertained ? 

Mrs. B. Not easily , but! must not neglect to inform you that a 
method of obtaining this metal in considerable quantities, has since 
been discovered. Two eminent French chemists, Thenard and 
Gray Lussac, stimulated by the triumph which Sir H. Davy had ob- 

693. At how low a temperature will potassium burn in cdl^tact with 
water ? 

694. Whv, until the discovery of potassium, had carbonic acidgai 
been considered incapable of supporting combustion ? 

\ 695. How does potassium decompose this gas } 

J 696. What metal is lighter than any known fluid ? 
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tained, attempted to separate potassium from its combination with 
oxygen, by common chemical means, and without the aid of elecr 
tricity. They caused red hot potash in a state of fusion, to filter 
throuo^h iron turnings in an iron tube, heated to whiteness. Their 
expermient was crowned with the most complete success; more 
potassium was obtained by a single operation, than could have been 
collected in many weeks by the most diligent use of the Voltaic 
battery. 

Ermbf. In this experiment, I suppose the oxygen quitted its com- 
bination with the potassium, to unite with the iron turning? 

Mrs. B. Exactly so ; and thus the potassium was. obtamed in its 
simple state. From that time it has become a most convenient and 
powerful instrument of deoxygenation in chemical experiments. — 
This important improvement, eng^afied on Sir H. Davy's previous 
discoveries, served but* to add to his gloryi since the facts which he 
had established, when possessed only of a few atoms of this curious 
substance, and the accuracy of his analytical statements were all 
confirmed, when an opportunity occuiTcd of repeating his experi- 
ments upon this substance, which can now be obtained in unlimited 
quantities. 

Caroline. What a satisfaction Sir H. Davy must have felt, when 
by an efibrt of genius he succeeded in biinging to light, and actu- 
ary giving existence to these curious bodies, which without him,, 
might perhaps have ever remained concealed from our view ! 

Mrs. B. The next substance which Sir H. Davy submitted to 
the influence of ihe Voltaic battery, was Soda, the other fixed alkali, 
which yielded to the same powers of decomposition ; from this alkali, 
too, a metallic substance was obtained, very analogous in its prop- 
erties to that which had been discovered in potash ; Sir H. Davy has 
called it sodium. It is rather heavier4han potassium, though con- 
siderably lighter than water ; it is not so easDy fusible as potassium. 

Encouraged by these extraordinary results, Sir H. Davy next 
performed a series of beautiful experiments on Ammontay or the vol- 
atile alkali, which from analogy, he was led to suspect, might also 
contain oxygen. This he soon ascertained to be the fact, but he has 
not yet succeeded in obtaining the basis of ammonia in a separate 
state : it is from analogy, and from the power which the volatile alkali 
nas, in its gaseous form, to oxydate iron, and also from the amalgams 
which can be obtained from ammonia by various processes, that the 
proofs of alkali being also a metallic oxyd are deduced. • 

Thus, Lhen, the three alkalies, two of which had always been 
considered as simple bodies, have now lost all claim to that title, and 

have accordingly classed the alkalies amongst the compounds, 
whose properties 1 shall treat of in a future conversation. 

Eamily. What are the other newly discovered metals which you 
have aUuded to in your list jf simple bodies ? 

697. How may potassium be obtained in large quantities ? 

698. In the expieriment for obtaining potassium, why did the oxygen 
quit that stAstance ? 

G99. What was the next substance submitted to the influence of the 
Voltaic battery ? 

700. What was the effect ? 

701. What is the substance produced by the deoomposition of foda 
called 

15 • 
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Mrs. B. Theyare the metals of the earth which became next the 
object r/ Sir H. DaTj's researches ; these bodies had never yet been 
decomposed, though they were strongly suspected, not only of being 
compounds, but of being metallic oxyds. From the circomstance 
of their incombustibility, it was conjectured with some plausibility, 
that they might possibly be bodies that had been already burnt. 

Caroline And metals, when oxydated , become, to all appearance, 
a kind oi earthy substance. 

Mrs. B. They have besides, several features of resemblance vnlh 
metallic oxyds; Sir H. Davy had, therefore, great reason to be 
sanguine in his expectations of decomposing them, and he was not 
disappointed. He could not, however, succeed in obtaining the 
basis of the earths in a pure separate state ; but metallic alloys 
were formed with other metals, which sufficiently proved the ex- 
istence of the metallic basis of the earths. 

The last class of new metallic bodies which Sir H. Davy discov- 
ered, was obtained from the three undecompounded acids,'' the bo- 
racic, the fluoric, and the muriatic acids ; but as you are entirely 
unacquainted with these bodies, I shall reserve the account of their 
decomposition, till we come to treat of their properties as acids. 

Thus in the course of two years, by the unparalleled exertions 
of a single individual, chemical science has assumed a new aspect. 
-Bodies have been brought to light which the human eye never be- 
fore beheld^ and which might have remained eternally concealed 
under their impenetrable disguise. 

It is impossible, at the present period, to apprecftite, to their foil 
extent, the consequences which science or the arts may derive from 
these discoveries ; we may, however, anticipate the most important 
results. 

In chemical anailysis, we are now in possession of more energetic 
agents of decomposition than were ever before known. 

In geology, new views are opened, which will probably operate 
a revolution in that obscure and difficult science. It is already 
proved that all the earths, and, in fact, the solid surface of this 
globe, are metallic bodies mineralized by oxygen, and as our planet 
has been calculated to be considerably more dense upon the whole 
than it is oil the surface, it is more reasonable to suppose that the 
interior of the earth is composed of a metallic mass, the surface of 
which only has been mineralized by the atmosphere. 

The eruption of volcanoes, those stupendous problems of nature, 
admit now of an easy explanation.* For if the bowels of the earth 
are the grand recess of these newly discovered inflammable bodies, 
whenever water penetrates into them, combustions and explosions 

* It is always easy to form a theory. But an explanation of these 
*' stupendous problems of nature," we believe has not yet been 
demonstrated to the satisfaction of all, though great learning and 

702. What peculiarities have the new metals, discovered by Sir H. 
Davy ? 

703. What reason had Sir H. Davy for supposing that nietals might 
be decomposed ? 

704. What are earths supposed to be .' 

706. What is rapposed to fi>nn the principal interior part of our 
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must take place ; and it is remarkable that the lava which is thiown 
out, is the very kind of substance which might be expected tto 
result from these combustions. 

I must now take my leave of you ; we havie had" a very long 
conversation to-day, and I hope you will be able to recollect what 
you have learnt. At our next interview, we shall enter on a new 
subject. 



CONVERSATION XIH. 

ON THE ATTRACTION OF COMPOSITION. 

Mrs, B, Haying completed our examination of tfie simple or 
elementary bodies, we are now to proceed to those of a compound 
nature ; but, before we enter on this extensive subject, it will be 
necessary to make you acquainted with the principal laws by which 
chemical combinations are governed. 

You recollect, I hope, what we formerly said of the nature of 
the attraction of composition, or chemical attraction, or affinity, as 
it is also called. 

Emily, Yes, I think, perfectly ; it is the attraction that subsists 
between bodies of a different nature, which occasions them to com- 
bine and formja compound, when the^ come in contact; and, ac- 
cording to Sir H. Davy's opinion, this effect is produced by the 
attraction of the opposite electricities, which prevailed in bodies of 
different kinds. 

Mrs, B, Very well ; your definition comprehends the first law 
of chemical attraction, which is, that it takes place only between 
bodies of a different nature; as, for instance, between an acid and 
an alkali ; between oxygen and a metal, &c. 

Caroline. That we understand, of course ; for the attraction be- 
tween particles of a similar nature is that of aggregation, or cohe^ 
sion, wnich is independent of any chemical power. 

Mrs, B. The second law of chemical attraction is, that it takes 
place ojUy between the most minute particles of bodies; therefore the 

immense labor has been bestowed on the subject. If the ''easy 
explanation " is founded on the data here proposed, viz. that the 
soUd surface of our globe consists of nothing except metals and 
oxygen, such a theory in the present state of knowledffe,^ must 
chiefly consist of supposition piled on supposition; there being -as 
yet no proof that the crust of the earth is formed only of these two 
elements. — C. 

706. flow are volcanoes accounted for? 

707. What do you understand by the attraction of composition ? 

708. What cause does Sir H. Davy assign for the attraction between 
bodies of a different nature ? 

709. What is the first law of chemical attraction .? 

710. What is the attraction between particles of a cunilar naiiiie 
called? 

711. What is the second law of chemical attractioti? 
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more you divide the particles of the bodies to be combined, tbe 
more readily they act upon each other. 

CoaroUne. That is again a circumstance which we might have 
inferred ; for the finer the partides of Uie two substances are, the 
more easily and perfecUy they will come in contact with earJi 
other, which must greatly facuitate their union. It was for this 
purpose, yon said, that you used iron filinpps, in preference to wires 
or pieces of iron, for the decomposition oi water. 

Mrs. B. It was once supposed that no mechanical power could 
divide bodies into particles sufficiently minute for them to act on 
each other ; and that in order to produce the extreme division re- 
quisite for a chemical action, one, if not both of the bodies, shodd 
be in a fluid state. There are, however, a few instances in which 
two solid bodies, very finely pulverized, exert a chemical action 
on one another ; * but such exceptions to the general rule are very 
rare indeed. 

Emily. In all the combinations that we have hitherto seen, ooe 
of the constituents has, I believe, been either liquid or aeriform.— 
In combustion, for instance, the oxygen is taken from the atmos- 
phere, in which it existed in a state of ffas ; and whenever we have 
seen acids combine with metals or with alkalies, they were either 
in a Uquid or an asriform state. 

Mrs. B. The third law of chemical attraction is, that it can take 
place between two, three, four, or even a greater number of bodies. 

Caroline. Oxyds and acids are bodies composed of two consUta- 
ents, but I recollect no instance of the combination of a greater 
number of principles. 

Mrs. B. The compound salts, formed by the union of the metak 
with acids, are composed of three principles. And there are salts 
formed by the comoination of the alkalies with the earths which 
are of a similar description. 

Caroline. Are they of the same kind as the metallic salts? 

Mrs. B. Yes; they are very analogous in their nature, although 
different in many of their properties. 

A methodical nomenclature, similar to that of the acids, has been 
adopted for the compound salts. Each individual salt derives its 
name from its constituent parts, so that every name implies a 
knowledge of the composition of the salt. 

The three alkalies, the alkaline earths, and the metals are^called 
salifiable bases, or radicals, and the acids, salifving principles. The 
name of each salt is composed both of that ot the acid and the saU- 
fiable base ; and it terminates in at or it, according to the degree 
of the oxygenation of the acid. Thus, for instance, all those salts 
which are formed by the combination of sulphuric acid with any of 
the salifiable bases, are called sulphats, and the name of the radical is 

• This is the case with muriate of ammonia and quick lime. — C. 



712. What is necessary in order that chemical action take place be- 
tween different bodies ? 

713. What is the third law of chemical attraction ? 

714. How are compound salts formed ? 

715. What are called salifiable bases or radicals ? 

716. What are called salifying principles ? 

717. How do salts ending in au diflSBr from those ending in ds ' 
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mdded for the specific distinction of the sah; if it be potash, it will 
compose a siUphat of potash; if ammonia, sidphat ofammaniaf &o. 

Ihnih/, The crystals which we obtained from the combination of 
iron and sulphuric acid were therefore caHed sulphat of iron, 

Mrs. B. Precisely; and those which we prepared by dissolving 
copper in nitric acid, nitrat of copper, and so on. But this is not 
all ; if the salt be foimed by that kind of acids which ends in ous, 
(which you. know indicates a less degree of oxygenation) the termi- 
nation of the name of the salt will be in i^, as sulpkU of potash, sul- 
phit of ammonia, &c. 

JSmify. There must be an immense, number of compound salts, 
since there is so great a variety of salifiable radicals, as well as of 
salifying principles . 

Mrs, B. Their real number cannot be ascertained, since it in- 
creases every day. But we must not proceed further in the inves- 
tigation of the compound salts, until we have completed the exami- 
nation of the nature of the ingredients of which they are composed. 

The fourth law of chemical attraction is, that zichange of temper- 
ature always takes place at the moment of combinanont iThis anses 
from the extrication of the two electricities in the form of caloria 
which always occurs when bodies unite ; and also sometimes in pan 
from a change of capacit}r in the bodies for heat, which always talkes 
place when the comoination is attended with an increase of density, 
but more especially when the compound passes from the liquid to 
the solid form. I shall now show you a striking inBtanceof a change 
of temperature from chemical union, merely byl pouring some ni- 
trous acid on this small quantity of oil of turp^tine, the oil will 
instantly combine with the oxygen of the acid, and produce a 
considerable change of temperatureJ 

Caroline. What a blaze ! The temperature of the oil and the 
acid must be greatly raised, indeed, to procure such a violent com- 
bustion. 

Mrs, B, There is, however, a peci|liarity in this combustion, 
which is, that the ox}[gen, instead of being derived from the atmos- 
pheric air alone, is principally supplied by the acid itself. 

EmUy, And are not alfcombustions instances of the change of 
temperature produced by the chemical combination of two homes ? 

Mrs, B, Undoubtedly ; when oxygen loses its gaseous form, in 
order to combine with a solid body, it becomes condensed, and the 
caloric evolved produces the elevation of temperature. The spe- 
cific ^[ravity of bodies is at the same time altered, by chemical com- 
bination ; for in consequence of a change of capacity for heat, a 
change of density must be produced. 

Choline, That was the case with the sulphuric add and water, 
which, by being mixed together, gave out a great deal of heat, and 
increased in density. 

718. How, do acids ending in ic, difier from those ending in ous t 

719. What'is the fourth law of chemical attraction ? 

720. From what does the change of temperature arise } 

721. What is an instance of increase of^ temperature from chemical 
onion ? 

722. Is the specific gravity of bodies affected by chemical combina- 
tion.' i^'H^^' 
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Mrs. B, The fiflh law of chemical attraction is, thatl/Ae ffxtpef- 
ties which characterize bodies, when separate, are altered or destfiyed 
by their combination} 

Caroline, Certainly ; what, for instance, can be so different from 
water, as the hydrogen and oxygen ffasCs ? 

Emih/. Or what more unliKC salphat of iron, than iron or sul- 
phuric acid ? 

Mrs. B, Every chemical combination is an illustration of this 
rule. But let us proceed — 

The sixth law is, ihax\t?ie force of chemical affinity between the con- 
stituents of a body, is estimated by that which is required for their sep- 
arationl This force is not always proportional to the facility with 
which bodies unite ; for manganese, for instance, which you Know, 
is so much disposed to unite with pxygen, that it is never found io 
a metaUic state, yields it more easily than any other metal. 

Emibf, Bift, Mrs. B., you speak of estimating the force of attrac- 
tion between bodies, by the force required to separate them ; now 
can you measure these forcen ? 

Mrs. B. They cannot be precisely measured, but they are com- 
paratively ascertained by experiment, aind can be 'represented by 
numbers which express, at least by approximation, the relative de- 
grees of attraction. . 

The seventh law is, thstdfodies have amongst themselves different 
degrees of attractioni fUponthis lav^ (which yon may have discover- 
ed yourselves, long aince,) the whtUe sdenoe of chemistry depends, 
for it is by means of the various degrees of affinity which l>odieB 
have for each other, that all the cheniical compositions and decom- 
positions are efiected. Every chemical fact or experiment is as 
instance of the same kind ; and] whenever the decomposition of a 
body is performed by the addition of any ^ngle new substance] it is 
said to be effected by simple elective attractions. But it often happens 
that no simple substance will decompose a body, and that in order 
to effect this, you must ofier to the compound a body which is itself 
composed of two, or sometimes three principles, which would not, 
each separately, perform the decomposition. In this case there are 
two new compounds formed in consequence of a reciprocal decom- 
position and recomposition. All instances of this kmd are called 
dovble elective attractions. 

Caroline. I confess I do not understand this clearly. 

Mrs. B. You will easily comprehend it, by the assistance of thii 
diagram, in which the reciprocal forces of attraction are represented 
by numbers : 

723. What is the fifth law of chemical attraction ? 

724. What is the sixth law of chemical attraction ? 

725. What is the seventh law of chemical attraction? 

726. Upon what does the whole science of chemistry depend ^ 

727. What is a simple elective attraction ? 

738. What is a douDle elective attraction ? /^ ■ \xj j . 
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Original Compound* 
Nitrate of Lime. 

e here suppose that we are to decompose sulphat of soda; that 
I separate the acid from the alksdi : if for this purpose, we add 
! lime, in order to make it combine with the acid, we shall fail 
T attempt, because the soda and the sulphuric acid attract eadi 
• by a force which is superior, and, (by the way of supposition > 
^resented by the number 8 ; while the lime tends to unite witti 
acid by an affinity equal only to the number 6. It is plain, 
fore, that the sulphat of soda will not be decomposed, since a 

equal to 8 cannot be overcome by a foTce equal only to 6. 
Toline. So far, this appears very clear. 

r5. B. If on the other hand we endeavor to decompose this 
by nitric acid, which tends to combine with soda, we shall be 
lly unsuccessful, as nitric acid tends to -unite with the alkali by 
;e equal only to 7. 

neither of these cases of simple elective attraction, therefore, 
we accomplish our purpose. But let us previously combine 
her the lime and nitric acid, so as to fonn a nitrate of lime, a 
ound salt, the constituents of which are united by a power 
I to 4, If then we present this compound to the sulphat of 

a decomposition will ensue, because the sum of the forces 
h tend to preserve the two salts in their actual state is not 
I to that of the forces which tend to decompose them, and to 

new combinations. The nitric acid, therefore, will combine 
the soda, and the sulphuric acid with the lime.* 

>uppose we say thus. The sulphuric acid attracts soda with a 
ger force than it does lirne, and soda has a stronger affinity for 
uric acid than it has for nitric acid. It is plain, then, that aei- 
lime nor nitric acid alone will decompose the sulphat of soda, 
if we unite the nitric acid and lime, we form nitrate of Ivme,-^ 



K What is represented in the diagram l^ 
). What is said in the fMtfe qf ths subject of 
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OaroUne. I understand yon now veir well. This double e£^ 
takes place because the numbers 8 ana 4, which represent the de 
grees of attraction of the constituents of the two original aedts, 
make a sum less than the numbers 7 and 6, which represent the 
degrees of attraction of the two new compounds that wul in conse- 
quence be formed. 

JVfr5. B, Precisely so. 

Caroline. But what is the meaning of quiesceni and £vellefU 
forces which are written in the diagram ? 

Mrs, B, Quiescent forceslare those which tend to preaerre com- 
pounds in a state of rest, or such as they actually are i divdlent 
forces, those which tend to destroy that state of combination, and 
to form new compounds. 

These are the principal circumstances relative to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
ern chemists : a few others might be mentioned respecting the same 
theory, but of less importance, and such as Would take us too &r 
from our plan. I shoold, however, not omit to mention that Mr. 
Berthollet, a celebrated French chemist, has questioned the uniform 
operation of elective attraction, and has advanced the opinion tbat, 
in chemical combinausns, the changes which take place and the 
proportions in which oodies combine, depend not only upon the 
aiUnities, but also, in some degree, on the respective qualities of 
the substances concerned, on the heat applied during the process, 
and some other circumstances. 

Caroline. In that case, I suppose there would hardly be two com- 
pounds exactly similar, Uiougn composed of the same materials ? 

Mrs. B. On the contrary it is found that a remarkable uniformity 
prevails, as to- proportions, between the ingredients of bod^ of. 
similar composition. Thus water, as you may recollect to have 
seen in a former conversation, is composed of two volumes of hydro- 
gen gas to one of oxygen, and tliis is always found to be precisely 
tlie proportion of its constituents, from whatever source the water 
be derived. The same uniformity prevails with regard to the vari- 
ous salts ; the acid and alkali, in each kind of salt, being always 
found to combine in the same proportions. Sometimes, it is trae^ 
the same acid, and the same alkali are capable of making two dis- 
tinct kinds of salts ; but in all these cases it is found that one of 
the salts contains just twice, or i^ some instances thrice as much 
acid, or alkali, as the other.* 

But the nitric acid has not so strong an affinity for the lime as it has 
for soda. On mixing the two salts in solution, therefore, the nitric 
acid quits the Ume, and combines with the soda. This leaves the 
sulphuric acid and the Ume free and uncombined ; they then unite 
and form sulphat of lime.— C. 

* The student already understands, that in chemical combinationi 
the -union takes place only between the particles, or atoms, of sub- 

73t. What aie quiescent forces ? 
732. What are divellent forces 1 
^ 733. What was the opinion of Berthollet upon chemical combina- 
tions } 

734. What remarkable uniformity is found to exist in chemical com* 
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EfnUy, If the proportion in which these hodies combine is so 
constant, and so well defined, bow can Mr. BerthoUet's remaric bo 
reconciled with this nniform sjrstem of combination ? 

Mrs. B. Great as that philosopher's authority is in chemistry, it 
is now generally supposed that his doubts on this subject were in a 
great degree groundless, and that the exceptions he has observed 
in the laws of definite proportions, have been only apparent, and 
may be accounted for consistently with those laws. 

Jbmihf. I Uiink I now understand this law of definite proportions 
very weU, so far as it regards the gases, such as oxygen and hydro- 
gen, in the instance you have just mentioned; but in the case of 
acids and alkalies, where the bodies are either liquid or solid, I do 
not conceive how their bulks or volumes can be measured, in order 
to ascertain the proportion in which they combine. 

Mrs. B. Your question is quite in point ; the fact is, that the law 
of combination hy volume, does not prevail in regard to liquids and 
solids. In these we must leave the circumstances of bulk entirely 
out of consideration. It is to their weigJU that we must attend, in 
determining the proportions in which they combine; and accord- 
ingly, if we take the combining substance in a state of perfect 
purity, and ascertain with great accuracy, once for all, the propor- 
tions ht^ weight, in which they unite, we shall find that in every 
other instance in which these substances have an opportunity of 
combinin|[-, they will unite in the same proportions, and in no other 
— ^unjess it be in such proportions that one of the bodies shall be in 
weight, exactly, double, triple, or quadniple what it was in the 
former combination. 



stances. These atoms it is supposed, are invisible, being the ulti- 
mate particles of which bodies are composed. In chemical combi- 
nations, then, where substances are capable of uniting in only one 
proportion, this must be atom to atom. Thus oxygen and hydrogen 
unite only in the propoij^tions of 100 of the former to 750 of thft* 
latter by weight.} Here; an atom of oxygen, unites to an atom oj 
hydroyen, to form watei ; but the atoms of oxygen are seven' and 
a halff times heavier thai those of hydrogen. 

*W|en substances unite in several proportions, the second and 
third are always multiples of the first. 1 Thus lOd parts of maa- 
^nese will unite to 14, 28, 42, or 56, of oxygen, but not with any 
mtermediate quantity, as with 12, 20, 60, &c. This law of definite 
proportions, so far as is known, holds good, where the resulting 
compound dififers widely from either of the substances of which it 
is composed, as in the salts, compound minerals, &c. The theory 
of definite proportions is explained by supposing that a substance 
which we shall call A, unites with another substance, B, atom to 
atom, and that this forms a certain compound. When they unite 
in the second proportion, two atoms of a, unite to one of A, and 
this forms another compound, and so on, until the atoms of A, can 
unite to no more of B. — C. 



/^ 735. In what proportion do oxygen and hydrogen unite to form 
water ? 

736. How much heavier is oxygen than hydrogen? 

737. When acids and alkalies unite in several proportions, what Mir 
tion do these proportions bear to each other ? 

16 
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CaroUne. This requires a good deal of Tittention to be well under 
stood; and I should like to have it illustrated by some particalar 
example of these different combinations. 

Jl&i. B, Nothing easier than to satisfy yoo in Uiis respect. For 
instance, with regard to bulk, nitrogen gas is capable of combining 
with oxygen gas in different proportions ; thus one Tolome a 
nitrogen, by combining with one volume of oxygen, forms the sab- 
stance called nitrous gas ; with two volumes of oxygen, it forms 
nitrous acid gas, <&c. And with regard to solids and liquids, the 
proportions of which are estimated by weight, I may mention, as 
an example, the case of the salt called sulphat of potash, in which 
a given weight of potash may combine with two different propor- 
tions of sulphuric acid ; but the quantity of add ''in one case is 
exactly double what it is in the other. 

Emify, And pray, what can be the cause of this singular uni- 
formity in the law of combination ? 

Mrs. B, Philosophers have not been able to give us any decisive 
information upon this point ; but they have attempted to explain it 
in' the followmg manner ; since chemical combination takes place 
between the most minute particles of bodies, may we not suppose 
that the smallest particles or portions in which bodies combine, 
(and which we may call chemiad atoms) are capable of uniting to- 
gether one to one, or sometimes one to two, or one to three, sc, 
out that they cannot combine in any intermediate proportion^ 

Emily. But if an atom was broken into two, an intermediate 
combination would be obtained ? 

Mrs. B. Yes ; but the nature of the atom is incompatible with 
4he idea of any farther division ; since the chemical atom is the 
smallest quantity which chemistry can obtain, and such as no me- 
chanical means can possibly subdivide. 

Caroline. And pray, what is the use of all this doctrine of defi- 
nite proportions ? 

Mrs. B. It is very considerable ; for it enables chemists to form 
tables, by which they can see at one glance, the composition of all 
the bodies which have been accurately analyzed, and ascertain in 
an instant, what quantity of one body will be necessary to decom- 
pose a certain quantity of another; and in general, such tables 
serve to present, in one view, the result of any chemical decompo- 
sitions, and the quantities of the new compounds formed ; by which 
means, a considerable saving of labor is gained, either in enabling 
us to calculate beforehand the results of any manufacturing opera- 
tions : or in estimating those obtained in analytical processes. ' But 
I perceive the subject is becoming rather too intricate for us. We 
must not run the risk of entering into difficulties which might con- 
fuse your ideas, and throw more obscurity than interest upon this 
abstruse part of the philosophy of chemistry.* 

•This would have been the proper place for mentioning Dr. 

Wollaston's scale of chemical equivalents ; but the subject has been 

thought to imply some considerations not sufficiently elementary for 

the purpose of this book. It may, however, be just mentioned, that 

the principal object of this scale is to give a tabular view of tiie 

proportions in which the several acids a.tLd\)^ji^% c^c^vs^^vw^ in forming 

their respective salts, and likewise to ixidic'a.\& >^« qk^n'^^ox ^ntsr 

Donnds which result from their d©cotnipoft\\ioiv, TVi^ ^t«^\ \l<^a^s) ^A 
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Caroline. Pray, Mrs. B., can you decompose a salt by means of 
electricity, m the same way as we decompose water ? 

Mrs, b, IJndoabtedly 1 and I am glad this qaestion occurred to 
you, becausi it gives me on opportunity of showing you some very 
wteresting experiments on the subject. 

If we £ssolve a quantity, however small, of any salt in a ^lass 
of water, and if we plunge into it the extremities of the wires, 
which proceed from the two ends of the Voltaic battert, the salt 
will ■ be ^dually decomposed, the acid being attracted byjthe posi- 
tivel and the alkali by the negative wire. I 

Anih/, But how can you render that decomposition perceptible? 

Mrs, B, By placing in contact with the extremities of each wire, 
in the solution, pieces of paper stained with certain vegetable od.- 
ors, which are altered by the contact of an acid or an alkali. — 
Thus this blue vegetable preparation called litmus, becomes red 
when touched by an acid ; and the juice of violets becomes green 
by the contact of an alkali. 

But the experiment can be made in a much more distinct manner, 
by receiving the extremities of the wires into different vessels, so 
that the alkali shall appear in one vessel, and the acid in the other. 

Caroline, But then the voltaic circle will not be completed ; how 
can the e^ct be produced ? 

Mrs, B, You are right ; I ought to have added that .the two 
vessels must be connected to^^ether by some interposed substance, 
capable of conducting electncity. A piece of moistened cotton 
wick answers this purpose very well. You see that the cotton has 

Fig. 31. 




InitancM of chemical decompoaition by tb« VollaU Battery. 

one end immersed in one ^lass, and the other end in the other, so 
as to establish a communication between any fluids contained . in 

this scale, and the peculiar properties which it possesses, though.not 
very easily described, may be readily understood on inspecting the 

instrument, which shodd be in the hands of every chemical students 

„ .. .^_^^^^_____^_^_^^^_^^ 

738. Can a salt be decomposed by means of electricity ? 

739. When a salt is decomposed by Galvattuim, «X ^VvvcYi ^^^ ^q«» 
ihe moid appei? 

740. How would you explain Fig. 31 ? 
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them. We shall now pat into each of these glasses a little ffkiiber 
salt, or snlphat of soda, (which consists of an acid and alkiui,) and 
then we shall fill the glasses with water, which will dissolve the 
salt. Let us now connect the glasses hy mean? of the wires, (e. d.) 

with the two ends of the battery thus 

Caroline. The wires are already giving out small bubbles: is 
this owing to the decomposition of the salt ? 

Mrs, B, No ; these are bubbles produced hj the decomposition 
of the water, as you saw in the former experiment. In order to 
render the separation of the acid from the alkali, visible, I pour 
into the glass (a) which is connected with the positive wire, a few 
drops of a solution of litmus, which the least quantity of acid tons 
red ; and in the other glass (b) which is connected with the negsr 
live wire, I pour a few drops of the juice of violets. . . . 

Emily. The blue solution is already turning red all around the 
wire. 

Caroline. And the violet solution is begiiming to turn green.—* 
This is indeed very singular ! 

Mrs. B. You will be still more astonished when we vary the e%r 

periment in this manner. Thesi^ three glasses (f, g, h,) are, as m 

Fig. 32. 1 the former instance, connected 

together by wetted cotton, but 
the middle one contains a sa- 
line solution, the two others 
containing onW distilled water, 
colored as before by vegetable 
infusions. Yet on makmg the 
connection with the battery, the 
alkali will appear in the nega- 
tive glass, (h) and the acid in 
the positive glass, (f,^ though 
1 ifstances of chemical decomposition by the neither of them contained SUIT 
Voltaic Battery. ^^^^^ m^tlBTA 

Emily. So that the acid and alkali must be conveyed right and 
left from the central glass, into the other glasses by means of the 
connecting moistened cotton ? 

Mrs. B. Exactly so, and ynu may render the experiment still 
more striking by putting into;jhe central -glass, (k,) an alkaline 

Fig. 33. ( solution, the glauber salt 

' ' • being placed into the 

^^^^^^ — negative . glass, (1,) and 

the positive glass, (i,) 
containing omy water. 
The acid vnSl be attract- 
ed by the positive wire, 
(m,) and will actuallv 
appear in the vessel, (i,) 

Instances of chemical decomposition by the Voltaic after passing through the 

Battery. alkaline solution, (k,) 

without combining with it, although you know acids and alkalies 
are so much disposed to combine.|/But this conversation has already 

741. How will you explain the experiment illustrated in Fig. 32? 

742. How will vou explain the experiment illustrated in Fig. 33 ' 
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much exceeded our usual limits, and we cannot enlarge moie upon 
this interesting subject at present. 



CONTERSATION XIY. 

ON AXKALIES. 

Mrs. B, Having now given you some idea of the laws by which 
chemical attractions are governed, we may proceed to the exam- 
ination of bodies which are formed in consequence of these attrac- 
tions. 

The first class of compounds that present themselves to our 

I notice, in our gradual ascent to the most complicated combinations, 
are bodies composed of only two ppnciples.i Thelsulphurets, 
phosphorets, carburets, &c. are of this description ; bf t the most 
numerous and important of these compounds are the combinations 
of oxygen with the various simple substances with which it has 
a tendency to unite. Of these you have already acquired some 
knowledge, but it will be necessary to enter into further particulars 
respecting the nature and properties of those most deserving our 
notice. Of this class are the alkaliks and the earths, which 
we shall successively examine. 

We shall first take a view of the alkalies, 6f which there are 
three, viz.jtoTXsH, soba, and ammoniaI The two first are called 
Jited alkanes,* becausenhey exist in a solid form at the temperature 
of the atmosphere, and requird|t> great heat to be volatilized] Thejik 
consist as you already know oQmBetallic bases combined with oxy^en.t 
In potash, the proportions ari about eighty-six parts of potassium,- 
to fourteen of oxygen ; and in soda, seventy-seven parts of sodium 
to twenty-lhree of oxygen. The third alkaU, ammonia, has been 
distinguished by the name of volatile aikaliy because its natural 
form ;s that of gas. Its composition is of a more compUcated na- 
ture, of which we shall speak hereafter. 

Some of the earths bear so strong a resemblance in their proper- 
ties to the adkalies, that it is difi^cult to know under which head to 

* It has already been stated that a third fixed alkali has lately 
been discovered by Mr. Arfvredson,- which has been called liihion. 
It was first found in a Swedish mineral called petaUte; but has since 
been detected in some other minerals. Though this alkali resembles 
potash and soda in its general properties, yet it has decidedly an 
alkaline substance of its own, capable of forming diflferent salts with 
the acids, and having in particular the property of combining with 
much greater proportions of acid than the other alkalies. 

743. What is the first class of compounds which present themselves 
to our notice ? 
744.' What are instances of this description ? 

745. What are the alkalies.' 

746. Why are potash and soda called fixed alkalies ? 

747. Of what go the fixed alkalies consist? 

748. Why is ammonia called volatile } 

16 • 
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place them. The oelehrated French chemist, Fourcroy has daneo 
two of them (barytas and strontites) with ihe alkalies ; bat as hue 
and magnesia have almost an equal title to that rank, I think it bet- 
ter not to separate them, and theiefore have adopted the common 
method of classing them with the earths, and of diatinguishing 
them by the name of alkaline earths, . 

The general properties of alkalies aie,|an acrid burning taste, a 
pungent smell, and a caustic action on the skin and flesh. 7 

Caroline. I wonder they should bd caustic, Mrs. B., abcethey 
contain so little oxygen. 

Mrs. B, Whatever substance has an affinity for any one of the 
constituents of animal matter, suffidently.powenul to decomiwse it. 
is entitled to the appellation of caustic. The alkalies, in their pore 
state, have a very strong attraction for water, for hydrt)gen, and ibr 
carbon, which you know, are the constituent principles of oil, and 
it is chiefly by absorbing these substances from animal matter that 
they efl*ect its .decomposition ; for, when diluted with a sufficient 

Quantity of water, or combined with any oily substance, they lose 
leir causticity. 

But to return to the general properties of alkalies — they change 
as we have already i^en , the color oi syrup of violets, and other blae 
vegetable infusions ^ green $ and have, in general, a very great 
tendency to unite vaxh acids^y although tlie respective qualities of 
these two classes of bodies form a remarkable contrast. 

We shall examine the result of the combination of acids and alka- 
lies more particqlarly hereafter. It will be sufficient at present to 
inform you, that Sv^henever acids are brought in (intact with alka- 
lies or alkaline earths, they unite with a remarkable .eagerness, aud 
form compounds perfectly difierent from either of their constituents, 
these bodies are called neutral or cam/pound salts. I 

The dry white powder which you see in this pILal is pure caustic 
POTASH ; it is very difficult to preserve it in this state, as it attracts, 
with extreme avimty, the moistivre from the atmosphere, *and if the 
air were not perfectly excluded, i it would, in a very short time, 'be 
actually melted. 

Emily. It is then, I suppose, always found in a liquid state ? 

Mrs. B. No ; it exists in nature in a great variety of forms and 
combinations, but it is never found in its pure separate state ; it is 
combined with carbonic acid, with which exists in eveiiy jwurt of 
the vegetable king(}om, and is most commonly obtainedTfrom the 
ashes of vegetables ,^^ which are the residue that remains after all the 
other parts have been volatilized by combustion. 

Caroline. But you once said, that after all the volatile parts of a 
vegetable were evaporated, the substance that remained was clur* 
coal? 

Mrs. B. I am surprised that you should still confound the pro- 
cesses of volatilization and combustion. In order to procure cha^ 

coal, we evaporate such parts as can be reduced to vapor by the 

-t — _ 

' 749. What are the general properties of alkalies ? 

750. On what does the caustic property of alkahes depend ? 

751. To what color do the alkaues change the vegetable blues .' 

752. How are neutral or compound salts formed ? 

753. What would be the consequence if caustic potash were uoi 
•scladed from the air ' 
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Operation of heat alone ; but when we born the regetable, we bnni 
the carbon also, and convert it into carbotaic acid gaa. 

Caroline, That is true ; I hope I shall mpJce no more mistakes in 
my favorite theory of combustion. t 

Mrs, B, Potash derives its name prom the f&ts in which the 
vegetables, from which it was obtaineo, used, formerly to be bumtj^ 
the alkali remained mixed with the ashes at the bottom, and was 
thence caUed potash. 

Emily, The ashes of a wood fire, then, are potash, since they 
are vegetable ashes ? 

Mrs, B, They always contain more or less jpotash, but are very 
far from consisting of that substance alone, aslthey are a mixture 
of variousvearths and salts which remain aften the combustion of 
vegetables! and from which it is not easy to separate the alkali in 
its pure form. The process by which potash is obtained, even in 
the imperfect' state in which it is used in the arts, is much more 
complicated than simple combustion. It was once deemed impossi- 
ble to separate it entirely from all foreign substances, and it is only 
in chemical laboratories that it is to be met with in the state of 
purity in which you find in this phial. Wood ashes are, however, 
valuable for the alkali which they contain, and are used for some 

Surposes without any further preparation. Purified in a certain 
egree, they make what is commonly called pearUash, which is of 
great efficacy in taking out grease, in washing linen, &c.; fortootash 
combines readily with oil or fat, with which it forms a compound 
well known to you under the name of socep\ 

Caroline, Really! Then I should think it would be better to 
wash all Unen with pearl-ash than with soap, as in the latter case, 
the alkali being already combined with oil, must be less efficacious 
in extracting grease. 

Mrs, B, uts effects wouid be too powerful on fine linen, and 
would injufe its texture ; pearl-ash is therefore only used for that 
which is of a strong, coarse kind^ For the same reason, you can- 
not wash your hands with plain potash ; but, when mixed with oil 
in the form of soap, it is soft as well as cleansing, and is therefore 
much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, and 
animal fibre, in virtue of its attractions for water and oil, and con- 
verts all animal matter into a kind of saponaceous jeUy. 

EmUy, Are vegetables the only source from which potash can be 
derived ? : 

Mrs, B, No; for though far most abundant in vegetables, it is by 
no means confined to that class of bodies, being found also on the 
surface of the earth, mixed with various mineials, especdally with 
earths and stones, whence it is supposed to be conveyed in vegeta- 
bles by the roots of the plant. It is also met with, tjhough in very 

754. From what is potash obtained ? 

755. From what is the term potash derived ? 

756. Of what do wood ashes consist ? 

757. How will soap assist in cleansing clothes fhun grease or oil.'' 

. 758. Why may not pearl-ash be used for the purpose, withoat being 
made into soap.' 
759. Is potash confined to vegetables ' 
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ffnall quantities in some^animal substances. The most eommoA 
state of potasdi is that onparbonatAl suppose yon understand what 
that is ? » ' 

Emily. I believe so ; though I do not recollect that you em 
mentioned the word before, if I am not mistaken, it must ba> 
compound salt, formed by the union of carbonic acid with potashj 

Mrs, B» Very true ; you see how admirably the nomenclature of 
modern chemistry is adapted to assist tlie memory ; when you hear 
the name of a compound, you necessarily learn what are its constit- 
uent parts ; and when you are acquainted with these constituents, 
you can immediately name the compound which they form. 

Caroline. Pray, how were bodies arranged and distinguished 

before this nomenclature was introduced ? % 

:' Mrs. B. Chenustry was then a much more difficult study ; for 

1 every substance had an s^bitrary name, which it derived from the 

' person who discovered it* as Glauber''s salts, for instance ; or from 

some other circumstancd relative to it, though quite unconnected 

with its real nature, as potashi 

These names have Men retained for some of the simple bodies; 
for as thiswclass is not numerous, and therefore can easily he re- 
membered, lit has not been thought necessary to change them.t 

EmUy. 1 et I think it would have rendered the new nomenclature 
more complete to have methodized the names of the elementary, as 
of the compound bodies, though it could not have been done in the 
same manner. But the names of the simple substances might have 
indicated their nature, or, at least, some of their principal prope^ 
ties ; and if, like the acids and compound salts, all the simple bodies 
had a similar termination, they would have been immediately known 
as such. So complete and regular a nomenclature would, I ^ink, 
have given a clearer and more comprehensive view of chemistry 
than the present, which is a medley of ^old and new terms. 

Mrs, J8. But you are not aware off the difficulty of introducing 
into science an entire set of new terms ; it obliges all teachers and 
professors to go to school again, and if some of the old names that 
are least exceptionable, were not left as an introduction to the nevir 
ones, few people would have had industry and perseverance enough 
to submit to the study of a completely new language ; and the inte- 
rior classes of artists, who can only act from habit and routine, 
would at least for a time, have felt inaterial inconvenience from a 
total change of their habitual terms. From these considerations, 
Lavoisier and his colleagues, who invented the new nomenclature, 
I thought it most prudent to leave a few links of the old chain, in 
order to connect it with the new one. Besides, you may easily 
conceive the inconvenience which might arise from giving a regular 
nomenclature to substances, the simple nature of which is always 
uncertain ; for^e new names might, perhaps, have proved to have 

760. What is the most common state of potash ? 

761. What is carbonat ? 

762. How were bodies arranged and distinguished before the new 
nomenclature was introduced ^ . 

763. Why have the old chemical names been retained ? 

764. What inconvenience might arise from giving a regular nomen- 
ohtare to substances, the natuie of n9Vi\c\i \a \uicet\»ka^ 
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been foanded in error./ And, indeed, cautious as the inventors of the 
modern chemical language have heen, it has already been found 
uecessary to modify it in many respects. In those few cases, how- 
ever, in which new terms have been adopted to designate simple 
bodies, those names have been W contrived as to indicate one of 
the chief* properties of the body m questioii; this is the case with 
oxygen, which, as I explained to you, signifies generator of acids ; 
and hydrogen, generator of water.* If all the elementary bodies 
had a similar termination as you propose, it would be necessary to 
change the name of any that might hereafter be found of a com- 
pound nature, which would be very inconvenient m this age of 
discovery. 

But to return to the alkalies. We shall now try to nffelt some of 
this caustic potash in a little water, as a circumstance occurs during 
its solution ^ry worthy of observation. Do you feel the*heat that 
is produced a 

Caroline, 'Yes, I do ; but is not this directly contrary to our the- 
ory of latent heat, according to which heat is disengas^ed when fluids 
become solid, and cold produced when solids are melted ? 

Afrs. B. The latter is really the case, in all solutions; and if tho 
solution of caustic alkalies seems to make an exception to the rule, 
it does not, I believe, form any solid objection to the theory. The 
matter may be explained thus : When water first comes in contact 
with the potash, it produces an effect similar to the slacking of lime, 
that is, the water is solidified in combining with the potash, and thus 
loses its latent heat ; this is the heat that you now feel, and which 
is, therefore, produced not by the melting of the solid, but by the 
solidification of the fluid. But when there is more water than the 
potash can absorb and solidify, the latter then yields to the solvent 
power of the water ; and if we do not perceive the cold produced 
by its melting, it is because it is counter-balanced by the heat pre- 
viously disengaged-! I 

A very remarkable property of potash is tne formation of glass 
by its fusion with siliceous earth, i You are not yet acquainted with 
this last substance, further than its' being in the list of simple bodies. 
It is sufllcient for the present, that you should know that sand and 
flint are chiefly composed of it ; alone, it is infusible, but mixed with 

*It -may here be observed, that even with regard to these two 
bodies, the nomenclature is become exceptionable, since it is now 
found that oxygen is one of the constituents of alkalies as well as 
of acid, and in particular of the muriatic. 

f This defence of the general theory, however plausible, is liable 
to some obvious objections. The phenomenon might perhaps be 
better accounted for, by ;supposing that a solution of alkali in water 
has less capacity for hetit than either water or alkali in their sepa- 
rate state J 

705. In tlic few cases where new names have been adopted to design 
nate simple substances, how have these names been contrived ? 

7(56. Wliat interesting circumstance occurs if caustic potash is melted 
in water? 

7tj7. How is ^lass made ? 

71/3 /f atusUc poiask is yui in water ^ whj is Keat dlseagogtdiT 
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potash, it melts when exposed to the heat of a funiaoe, combinei 
with the alkali and runs into glass. 

Caroline. Who would ever have supposed that the same substance 
which converts transparent oil into such an opaque body as soap, 
should transform that opaque substance, sand, into transpaient 
glass ? 

Mrs. B. The transparency or opacity of bodies, 'does not, I 
conceive, depend so much on their intimate nature, 'as upon the 
arrangement of their particles ;/ we cannot have a more strikiDg 
instance of this, than is afforded by the different states of carbon, 
which, though it commonly appears in the form of a black, opaqne 
body, sometimes assumes the most dazzling transparent form in 
nature, thA of diamond, which, you recollect, is carbon, which in 
all probability, derives its beautiful transparencvi from ^e peculiar 
arrangement of its particles during their crystal! j^tion^ 

Emily. I never should have supposed that the formafion of glaaa 
was so simple a process as you describe it. 

Mrs. B. It is by no means an easy operation to make perfeol 
glass ; for if the sand or flint from which the siliceous esurth is ob 
tained, be mixed with any metallic particles, or other substance, 
which cannot be vitrified, the glass will be discolored, or de&ced, 
by opaque specks. 

Caroline. That I suppose, is the reason why objects so often ap- 
pear irregular and distorted through a common glass window. 

Mrs. B. This species of impeHection proceeds, I believe, firom 
another cause. It is extremely difficult to prevent the lower part 
of the vessels, in which the materials of glass are fused, from con- 
taining a more dense vitreous matter than the upper, on account of 
the heavier ingredients falling to the bottom.' When this happens, 
it occasions the appearance of veins or waves in the glass, from the 
difference of density in its several parts, which produces an irregu- 
lar refraction of the rays of light which pass through it. * 

Another species of imperfection sometmies arises fromjthe fusion 
not being continued for a length of time sufficient to combine the 
two ingredients completely! or from the due proportion of potash 
and silex ^ which are as twa to one) not being carefully observed ; 
the glass, m those cases, will be liable to alteration from the action 
of the air, of salts, and especially of acids which will effect its 
decomposition by combining with the potash, and fotming com- 
pound salts. 

Emily. What an extremely useful substance potash is ! 

Mrs. B. Besides the great importance of potash in the mano- 
fectures of glass and soap, it is of very considerable utility in many 
of the other arts, and its combinations with several acids, particu- 
larly the nitric, A^iUi which it forms saltpetre. 

769. On what does the opacity of bodies depend ? 

770. To what does a diamond owe its transparency? 

771 . What is the occasion of the veins or waves discovered on some 
glass } 

Tli. What other imperfection sometimes occors in the making of 
glass? 
773. Of what does sal^tre consist ^ 



AMMONIA. 187 
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Caroline, Then saltpetre must be al nitrat of potash J Bat we are 
lot yet acquainted with the nitric acict. ' 

Mrs. B, We shall therefore defer entering into the particulars of 
these combinations till we come to a general review of the compound 
salts. In order to avoid confusion, it will be better at present to 
confine ourselves to the alkalies. 

Emily. Cannot you show us the change of color which you said 
the alkalies produced on blue vegetabk infusions ? 

Mrs. B. Yes, very easily. I shall dip a piece of white paper into 
this syrup of violets, which, you see, is of a deep blue, and dyes the 
paper of the same color. As soon as it is dry, we shall dip it into a 
solution of potash, which, though itself colorless, vvill turn the paper 
green** 

Caroline. So it has, indeed ! And do the other alkalies produce a 
similar effect ? 

Mrs. B. Exactly the same. — We may now proceed to soda, 
which, however important, will detain us but a very short time ; as 
in all its general properties it very strongly resembles potash ; in- ' 
deed, so great is their similitude, that they have been long confound- 
ed, and they can liow scarcely be distinguished,.except byfthe dif- 
ference of the salts which they form witn adds. / 

The great source of this alkali is the seal where, combined with 
a peculiar acid, it forms the salt with' which'the waters of the ocean 
are so strongly impregnated. • 

I}mili/. Is not that the common table salt ? 

Mrs. B. The very same ; but again we must postpone entering 
into the particular^ of this interesting conibination, till we treat of 
the neutral salts, i Soda may be obtained pom common salt! but 
the easiest and molt usual method of procuring it, is by vlie combus- 
tion of marine plants, an operation perfectly ansdogous to that by 
which potash is obtained from vegetables. I 

Eamily. ^^^ni what does soda derive its name ^ 

Mrs. B. iFrom a plant called by us soda, aaJ k-y the Arabs kali, 
which affofds it in great abundancel Kadi has, indeed, given its 
name to the alkalies in general. / 

Caroline. Does soda form glass and soap in the same manner as 
potash? 

* A very pretty experiment on the change of colors may be made 
as follows : Make a tincture, by pouring boiling water on red cab- 
bage and let it stand a while. Put it into a phial. The color will 
be purple. Take two wine glasses, and into one put a few drops of 
sulphuric acid, and into the other-the same quantity of a strong so- 
lution of potash. So little of either will do, that the glasses may be 
inverted for a moment. Then pour the tincture into each, and tlie 
one containing the acid will appear of a most beautiful red; and the 
other as beautiful a green. — C. 

774. What is the chemical liame of saltpetre .' 

775. How may blue vegetable colors be turned green ? 

776. How does soda diner from potash ? 

777. What is the great source of soda ? 

778. How may soda be obtained ? 

779. From what does soda derive its name ? 
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Mn, B, Tesf, it does ] it is of equal importance in the arts, and ib 
even preferred to potash for some purposes ; but you will not be able 
to distipguish their properties, till we examine the compoand salts 
which they form with acids ; we must therefore leaye soda for the 
present, and proceed to ammonia, or the volatile alkali. 

Emily. I long to hear something 6f this alkali ; is it not of the 
same nature as hartshorn ? 

Mrs. B. Yes, it is, as ^ou will s^ bycraud bye. This alkali is 
seldom found in nature in its pure state ; it is most commonlyVsx- 
tracted from a compound salt, called sal, ammoniac,jw}dch was tor- 
merlv imported from Ammonia, k region of Lybia, from which both 
these|salts and the alkali derive liieir names. The crystals contain- 
ed in this bottle^ are specimens of this salt, which consist of a combi- 
nation of ammonia and muriatic acid. . 

Caroline. Then it should be caXiedSpmriate qfammoniai for thoug[h 
I am ignorant what muriatic acid is,^yet I know that its combination 
with ammonia cannot but be so called ; and I am surprised to see 
'^sal. ammoniac inscribed on the label. 

Mrs. B. That is the name by which it has been so long known, 
that the modem chemists have not yet succeeded in banismng it sl- 
together : and it is still sold under that name by druggists, thoo^h 
by scientific chemists it is more properly called muriat of ammonia. 

Caroline. Both the popular and common name should -be inscribed 
on labels — this would soon^ntroduce the new nomenclature. 

Emily. By what means can the ammonia be separated from the 
muriatic a^d ? I 

Mrs. jB. jBy chemical attractions a but this operation is too cota- 
plicated for you to understand till you are better acquainted with 
the agency ct affinities. 

Emily. And when extracted from the salt, what kind of substance 
is ammonia ? 

Mrs. B. Its nal'r/.al form, at the temnerat.ure of the atmosphere, 
when free from combination, %is that of /gas i and in this state iti*) 
called ammoniacal gas. But\it mixes very readily with water, and 
can thus be obtained in a liquid form. I 

Caroline. You said that ammonia was more complicatexl in its 
composition than the other alkalies ; pray of what principles does 
it consist ? 

Mrs. B. It was discovered a few years since, hy BerthoUet, a cel- 
ebrated French chemist, thatit consisted of aboufone part of hydro- 
gen to four parts of nitrogen! Having heated &mmoniacal gas un- 
der a receiver, by causing tWe electrical spark to pass repeatedly 
through it, he found that it increased considerably in bulk, lost aU 
its alkaline properties, and was actually converted into hydrogen and 
nitrogen gases : and from the latest and most accurate experiments 

780. Can glass and soap be formed from soda as well as from potash? 

781. From what does ammonia derive its name ? 

782. From what is it mostly obtained ? 

783. What is the proper chemical name of this volatile alkali? 

784. How can ammonia be separated from muriatic acid } 

785. How is ammoniacal gas obtained ? 

786. Under what form does it appear when pure i 

787. Qf what principles does ammonia consist •* 
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the proportions appear to be, one volume of nitrogen gas, to three 
of oxygen gas.* 

Caroline. Ammonia, therefore, has not, like the two other alka- 
lies, a metallic basis. . 

Mrs. B. lit is believed that it has J though it is extremely difficalt 
to reconcilel that idea, with what I have just stated of its chemical 
nature. But the fact is, that although this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet both 
Professor Berzelius of Stockholm, and Sir H. Davy, have succeed- 
ed in forming a combination of mercury with the basis of ammonia 
which has so much the appearance of an amalgam, that it strongly 
corroborates the idea of ammonia having a metallic basis.f But 
these theoretical points are full of difficulties and doubts, and it 
would be useless to dwell any longer upon them. 

Let us therefore return to the properties of volatile alkali. Am- 
moniacal gas is Jconsiderably lighter- than oxygen gas, and only 
about half the we^ht of atmospherical airi It possesses most of the 
properties of the Ixed alkalies ; but cannot be of so much use in 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufacture of e^lass, but it forms soap with oils 
equally as well as potash and ^oda ; it resembles them likewisejin 
its strong attraction for waterl for which reason it can be collected 
in a receiver over mercury .only. 

Caroline. I do not understand this. 

Mrs. B. Do you recollect the method which was used to collect 
gases in a glass receiver over water ? 

Caroline. Perfectly. 

Mrs. j9.| Ammoniacal gas has so strong a tendency to unite with 
water, thav instead of passing through that fluid, it would be instan- 
taneously absorbed by it J We can therefore neither use water for 
that purpose, nor any other liquid of which water is a component 
part ; so that in order to collect this gas, we are obliged to have re- 
course to mercury, (a liquid which has no action upon it,) and a 
mercurial bath is used instead of a water 6ath, such as we employed 
on former occasions. [Water impregnated with this gas Is nothing 
more than the fluid which you mentioned at the beginning of the 
conversation — hartshorn; it is the ammoniacal gas escaping from 
the water, which gives it so powerful a smell. !|! 
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* It ought to be hydrogen gas. — C. 

\ This amalgam is easily obtained, by placing a globule of mer- 
cury upon a piece of muriat, or carbonat of ammonia, and electrify- 
ing this globule by the Voltaic battery. The globule instantly be- 
gins to expand to tliree or fSur times its former size, and becomes 
much less fluid, though without losing its metalUc lustre, a change 
which is ascribed to the metallic basis of ammonia uniting with the 
mercury. This is an extremely curious experiment. 

J To obtain ammoniacal gas, mix together equal parts of muriato 
of ammonia, and dry burnt lime ; after pulverizing each separately, 

788. Has aifimonia a metallic basi^ .' 

789. What is the specific gravity of ammcAiacal gasi* 

790. How does ammonia resemble potash and eoda^ 

791. Why caanot ammonia be collected in a lecev^et cwex 'w^Nfcx'^ 
799. What is hartshorn ^ /h/. :. . , , i 



100 AimoNu. 

Emify. Bat there is no appearance of efierreaoence in hartsHom 

Mrs. B. Because the particles of gas that rise from the water, are 
too subtle and minute for their effect to he visible. 

Water diminishes in density, by heing impregnated with ammo- 
niacal gas ; and thiis augmentation of balk increases its capacity for 
caloric. 

Emily. In making hartshorn, then, or impregna^g water' with 
ammonia. Seat must be absorbed and cold proldaosdTN 

Mrs. B. That effect would take place if it was n^t counteracted 
hy another circumstance; the ffas is liquefied by ineorporatinff 
with the water, and gives out its latent heat. The condensation ot 
the gas more than counterbalances the expansion of the water- 
therefore, upon the whole, heat is produced. But if you dLBSolte 
ammoniacal gas with ice or snow, cold is produced. — Can you ac- 
count for that? 

Emily. The gas in being condensed into a liquid, must give oat 
heat ; and on the other hand, the snow or ice in being rarefied into 
a liquid, must absorb heat ; so that betweeif the opposite efiects, I 
should have supposed the original temperature would have been 
preserved. ^ 

Mrs. B. But you have forgotten to take into the account the 
rarefaction of the water (or melted ice,) by the impregnation of the 
gas\ and this is the cause of the cold which is ultimately produced. 

Oaroline. Is the sal volatile, (the smell of which so strongly re- 
sembles hartshorn) likewise a preparation of ammonia? 

Mrs. ^. It is carbonat of ammonia dissolved in water ;\ and which 
in its concrete state is commonly called salts of hartshorn. Am- 
monia is caustic, like the fixed alkalies, as you may judge by the 
pungent effects of hartshorn, which cannot be taken internally, nor 
applied to delicate external parts, without being plentifully diluted 

rub them together in a mortar ; put them into a retort, and apply 
the heat of a lamp. Or, the common spirit of sal ammoniac maybe 
heated in a retort in the same way. To collect and retain the gas 
without a mercurial bath{ fix a receiver or bottle in an inverted po- 
sition, and connect to the retort a tube, which introduce up into 
the receiver, so that it nearly reaches the botton*.* As the gas 
comes over, its levity is such, that it fills the upper part of the re- 
ceiver first, gradually driving out the air, and taking its place. To 
keep it for any considerable time, the receiver must be stopped. A 
pretty experiment may be made by introducing up into the receiv- 
er with the ammonia, some muriatic gas. Both gases are invisible 
until they are brought together, when they unite, forming a dense 
white cloud, and fall down in the solid form of muriat of ammonia. 
The muriatic gas is obtained by pouring sulphuric acid on common 
salt, and applying the heat of a lamp. It may be sent up into the 
receiver in the way above described, for ammonia. — C. 

-r , - - - 

793. What change is produced on water by being impregnated with 
ammoniacal gas ? 

794. Why is cold produced if ammoniacal gas is dissolved with 
•now or ice ? 

795. How can ammoniacal gas he retained for experiments withmA 
a mercurial hathf 

796. What is sal volatile ? 
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with water. Oil and acids are very excellent antidotes for alkaline 
poisons; can you gueas why? - 

Caroline, Perhaps, [because the oil combines with alkali, and 
fonns soap, and thus qestroys its caustic properties; and the acid 
converts it into a com|K)und salt, which, I suppose,, is not so perni- 
cious as caustic alkali.) 

Mrf. B. Precisely^. 

Ammoniacal gas^ if it be mixed with atmospherical air, and a 
burning taper tepeatedly plunged into it, will bum with a large 
flame of a peculiar yellow color. 

Emily. 13 ut, pray, tell me, can ammonia be procured from this 
Lybian salt only ? 

Mrs, B, So far from it, that it is contained in, and may be ex- 
tracted fromJ all animal substances whateverA \Hydrogen and ni- 
trogen Ve t wVof the chief constituents of •animfclmatter ; it is there- 
fore ndi surprising that they should occasionally meet and combine 
in ihose proportions that compose ammonia. But this alkali is 
more frequently generated by the spontaneous decomposition of an- 
imal substances ; the hydrogen and nitrogen gases that arise from 
putrefied bodies combine and form the volatile alkali. 

Muriat of ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefly preparedi in Europe, by 
chemical processes. Ammonia, although principally extracted 
from thL8|&alt, can also be produced by a great variety of other sub- 
stances. (The horns of cattle, especially those of deer, yield' il in 
abundance, and it is from this circumstance that a solution of am- 
monia in water has been called hartshorn. It may likewise be pro- 
cured from wool, flesh, and bones ; in a word, any animaik. jibstance 
whatever, yields it by decomposition. 

We shall now lay aside the alkalies, however imoortanc the sub- 
ject may be, till we treat of their combination witn acids The next 
time we meet we shall examine the earths. 



CONTERSATION XV. 

ON EARTHS. 



Mrs, B, The Earths, which we are to day d examine, are nine ' 
in number. 

8II.EX, STROiri.>XTSS, 

• There is less evidence that these four eail \t are composed or 
metallic bases than there is in the case of amn raa, which it will be 

797. Why are oils and acids ^ood antidotes for Jkaline poisons ? 

798. From what can ammonia be procured ? 

799. What are the chief constituents of animal «natter? 

800. Why has a solution of ammonia in water i en called hartshorn? 

801. How many earths are there .'> « 

802. What are their names ? ■ , . ! < ti.- • tv 

• . • 
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SAKTHI. 




ALVMIITE, 






TTTBXA, 


BARYTKS,* 






QL,XJClVJLf 


LIME,* 






ZIBCOiriA. 


MAGNESIA, 
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The last three are of late discovery ; their properties are Imt 
imperfectly known ; and as they have not yet been applied to oae, 
it wUl be unnecessary to enter into any particulars respecting them. 
We shall confine our remarks, therefore, tp the first five. 'Hiey are 
composed, as you )iave already learnt, ojp, metallic basis combined 
with oxygen ^and from this circumstan^are incombustible. 

Caroline. Yet 1 have seen turf burnt in the country, and it makes 
an excellent nre ; the earth becomes red hot, and produces |t Teiy 
great quan^ ty of heat. 

Mrs. B.ili is not the earth that bums, my dear, but the roots^ 
grass, and other remnants of veg^etables that are intermixed with it. 
The caloric which is produced by the combustion of these substan- 
ces, makes the earth red hot, and this being a bad conductor of 
heat, retains its caloric a long time;} and were you to examine it 
when cool, you would find that it lifi not absorbed one particle of 
oxygen, nor suffered any alteration from the fire. Earth is, how- 
ever, from the circumstance just mentioned, an excellent radiator 
of heat, and owes its utility, when mixed with fuel, solely to that 
property. It is in this point of view, that Count Rumford has re- 
commended balls of incombustible substances to be arranged in fire 
places, and mixed with the coals, by which means, the caloric dis- 
engaged by the combustion of the latter, is more perfectly reflected 
into the room, and an expense of fuel is saved. 

Emily. I expected that the lists of earths would be much more 
considerable. Whea I think of the immense variety of soils, I am 
astonished that there is not a greater number of earths to form them. 

Mrs. B. .You might, indeed, almost confine that number to four; 
for barytes, strontites, and the others of late discovery jact but so 
small a part in this great theatre, that they^ cannot be reckoned as 
essential to the general formation of the ^lobeN And you must not 
confine your ideas of earths to the formation of/soil ; for rock, mar- 
ble, chalk, slate, sand, flint, and all kinds of stones, from the pre- 
cious jewels to the commonest pebbles ; in a word, sdl the immense 

remembered, was supposed to have formed an amalgam with mer- 
cury, and on this account was supposed to have had a metallic bn- 
sis. Of the other earths, no one except Dr. Clarke, of Cambridge, 
Eng., has pretended to oflfer any but conjectural evidence of their 
metallic nature. This e^entleman, on jsubmitting them to the heat 
of the blow pipe, charged with oxygen and hydrogen, was led to be- 
lieve he had obtained their metalhc bases. But as his experiments 
have been repeated at the Koyal Institution without success, it is 
now understood that the Dr. must have been mistaken. — C. 

803. Of what are the earths composed ? 

804. Why are the earths incombusttble .'* 

805. Why, then, is turf used for fuel in some countries ? 

806. Why is tlie earth a good radiator of heat .' 

807. What is said of barytes and strontites, as constitutinff a Pitt 
of the globe .^ 
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variety of mineral products, msj be referred t:. some of ihem 
earths, either in a simple state, or combined the os,.0 with the other, 
or blended with other mgredients. 

On'o/tn^./ Precious stones jcomjiosed of earth ! Hiat seems rery 
difficult to conceive. ' 

JSmUy, Is it more extraordinary than that the ZiiOBt precious of 
all jewels, diamond, should be coi^n-posed of carboiiL i But diamond 
forms an exception, Mrs. B.; for, tiiough a stone, il is not composed 
of earth. 

Mrs, B. I did not specify the exception, as I ksew yon were so 
well acquainted with it. Besides, I would call a diamond a mineral 
rather than a stone, as the latter term always implies the presence 
of some earth. 

Caroline. I cannot conceive how such coarse materials can b« 
converted into such beautiful productions. 

Mrs. B. We aie very far nrom' understanding all the secret re- 
sources of nature ; but 1 do not think the spontaneous formation of 
the crystals, which we call precious stones, one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradually dissolved by water, and as 
gradually deposited by their solvent in the undisturbed process of 
crystallization. The regular arrangement of their particles, during 
their re-union in a solid mass, gives them that brilliancy, transpa- 
rency, and beauty, for which they are so much admired ; and ren- 
ders them in appearance so totally difierent from their rude and 
primitive ingredients. 

Caroline. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallized ? 

Mrs. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, &c., show$ that their formation is not an operation 
very easily carried on in nsfture.) But cannot you imagine tha^ when 
water holding in solution* some particles of earth filters tHvough 
the crevices of hills or mountains, and at length dripples into some 
cavern, each successive drop may be slowly evaporated, leaving 
behind it the particle of earth which it held in solution?] You 
know that crystallization is more regular and perfect, in proportion 
as the evaporation of the solvent is slow and uniform; nature 
therefore, who knows no limit of time, has, in all works of this 
kind, an infinite advantage over any artist who attempts to imitate 
such productions. 

Ermh. I can now conceive that the arrangement of the particles 
of earth during crystallization, may be such as to occasion transpa- 
rency, by admitting free passage to the rays of light ; but I cannot 
understand why crystallized earths should assume such beautiful 
colors as most of them do. Sapphire, for instance, is of a celestial 
blue ; ruby, a deep red ; topaz, a brilliant yellow ! 

808. What valuable substance do the earths compose ? 

809. Is it deemed difficult to understand the spontaneous formation 
of crvstal ? 

810 What does the scarcity of many kinds of crystals show ? 

811 How may it be supposed that they are formed ' 

17* 

-/ 
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Mrs, B, Nothing is more simple than to sappose/ )^|l/|b^ ar 
rangement of their particles is such, as to transmit Vsome^ of the 
colored rays of light, and reflect others, in which case the sttme 
must appear of the color of the rays which it reflectd.N But besides, 
it frequently happens that the color of a stone is owing to a mixtura 
of some metallic matter. 

Caroline, Pray, are the different kinds of precions stones each 
composed of one individual earth, or are they formed of a combi- 
nation of several earths ? 

Mrs. B. A great variety of materials enters into the composition 
of most of them ; not only several earths, but sometimes salts and 
metals. The earths, however, in their simple state, frequently 
form very beautiful crystals; and, indeed, it is in that state only 
that they can be obtained perfectly pure. 

• Eirdly, Is not theTDerbyshire spar)produced by the crystalliza- 
tion of earths, in the way you have just explained? I have been 
in some of the subterraneous caverns where^ it is foimd, which aie 
similar to those you have described. 

Mrs. B. Yes ; but this spar is a very imperfect specimen of 
crystallization ; * it consists of a variety of ingredients confusedly 
blended together j"^ as you may judge by its opacity, and by the 
various colors and appearances which it exhibits. 

But, in examining the earths in their most perfect and agreeable 
form, we must not lose sight of that state in which they are com- 
monly found, and which, if less pleasing to the eye, is far more 
interesting by its utility. ■■ 

All the earths are more or les^endowed with' alkaline properties^ 
but there are four, barytes, m^nesia, Ume, and strontites^ whicn 
are called alkaline Sarths,. becaus^they possess those qualities in so 
preat a dcOTee, as to entitle them, in most respects, to the rank of 
alkalies. They combine and form compound salts with acids, in 
the same way as alkalies ; they are like them, susceptible of a con- 
siderable degree of causticity, and are acted upon in a similar man- 
ner by chemical tests. — ^The remaining earths, silex and alumine, 
with one or two others of late discovery, are in some degree more 
earthy, that is to say, they possess more completely the properties 
common to all the earths, which are insipidity, dryness, unaltera- 
bleness in the fire, infusibility, &c. 

Caroline. Yet, did you not tell us that silex, or siliceous earthf 
when mixed with an alkali, was fusible, and run into glass? 

Mrs. B. Yes, my dear ; but the characteristic properties of earths, 

• The Derbyshire spar is composed otlime zsid fluoric acid ; hence 
it is called fluate of lime. The colors^ are owing to intermixture 
with metallic oxides. It is a very beautiful mineral, and instead of 
being opaque, it is generally translucent, or nearly transparent. — C. 

812. Whence may it be supposed they receive their beautiful colon? 

813. What is an instance of pimple earths in a state of crystalfiia 
tion? 

814. What is the composition of Derbyshire sparf 

815. What are alkidme earths ? 

816. Why are they so called ^ 

617. What properties are common to all earths ' 



"wliich I knre mtad^mati^ see to be «.»i i iiififiw£ as l»rtiM|^ii|t ta 
in a state of paxtTOKfr: s state iawfaicfr tosj axe wnrarimmt nils 
met with in Batizre. Leslies xheae swseaL pqperrzsa^ •auii eart& 
had it own speciSe ciiaraeiEi&» by wiiiciL i£ s 'iiBcniEWBCieff smt 
any other sabstacee. Lee oa liuaiaii r e leiig^ dusn KpazafeLv. 

OII.EX, ^riT srucAy abomds, in. fint. saod* smd-aame. 14^10?^ 
jasper, &e.; it §aam the boaBPof manirpEeciDiia aumesw aoi par^ 
ticularly of thooe which, tfnke fize wild sceeL Ic Ji niiieh. ia ate 
touch, sciatches and weazs awaj mecala ; ic in acteit upon. 9tiu> seal 
bat the flnoiie, aad it is not soluble in waier by any known prcceaa : 
but nature certainly dnohes it by means witk which we ace anae^ 
quainted, and thus produces a Taziecy cf shceoos cry^Gus^ aaoi 
amongst theseynxi crytfo^^hich is the piuert spcciaen of this 
earth. Silex a^ppeais to h^iie been intended br PruTidence to feoa 
the solid basis of the globe, to serre as the fiwnjatioa for the ocgiaal 
mountains, and gire them that iiardneas and dcxabOity which has 
enabled them to resst the Taiioos re^ntioas which the sn^ce of 
the earth has successiTcly undergone. From these motiataiss aiiee- 
ous rocks hare, during the course of ages, been gradnaDy detached 
by torre9t8 of water, and brought down in fragments ; these, in the 
violence and rapidity of their descent, are soaietimes ctmmbfed to 
sand, and in this state fonn the beds of rivers and of the sea, chiefly 
composed of siliceous materials. Sometimes the fragments are 
broken without being pulverized by their fall, and assume the fonn 
of pebbles, which gniduaUy become rounded and polished. 

Emily, Pray, what is the true color of silex, which forms sodi 
a variety of different colored substances ? Sand is brown, flint ia 
nearly black, and precious stones are of all colors. 

MrsJB, Pure silex,.8uch as is found only in the chemist's labora- 
tory, iaperfectly white; and the various colors which it assumes in 
the di^rent substances you have just mentioned, proceed from the 
different ingredients with which it is mixed in them. 

CaroUne, I wonder that silex is not more yaluable, since it forms 
the basis of so many precious stones.* 

Mrs. B. You must not forget that ^e value we set upon precious 
stones depends in st, great measure. upon the scarcity with which 
nature affords themy lor were those ^nroductions either common 01 
perfectly imitable Ky art, they would no longer, notwithstanding 
their beauty, be so highly esteemed. But the real value of siliceous 
earth in many of the most useful arts, is very extensive. (Mixed 
with clay, it forms the basis of all the various kinds of earthen ^are. 
from the most common utensils to the most refined ornaments. ■ 

IMbf. And we must recollect its importance in the formatibn of 
glass with potash. 

Mrs, B. Nor should we omit to mention, likewise, many other 

*The bases of some of the most costly gems, as sapphire, ruby 
and topaz, are alumine. — C. 

818. In what is m\ex chiefly ibond? 

819. What is the purest fpedmea of siJex ? 
eao.Wbai'wtheecUnofmUx^' 

821. Upon what does the vsiiie of pfeelous tiiOfie§ depend f 
aeiL For whet jaqpoftaai aMi i# MM chkfljr yaJMM# ' 
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important uses of silex, such as being the chief ingredient of some 
of the most durable cement, of mor^., &c. 
Tl said before that siliceous earthscbfhbined with no acid bat the 
mioric ; it is for this reason that glass is liable to be attacked by 
that acid only, which, from its jBtrong affinity to silex, forces that 
substance from its combination with the potash, and this destroys 
the fflass.) 

We shanl now hasten to proceed to the other earths, for I am rather 
apprehensive of your growing weary of this part of our subject. 

Caroline. I confess that the history of the earths is not quite so 
entertaining as that of the simple substances. 

Mrs. B. Perhaps not * but it is absqhitely indispensable that yoa 
should know something of them; foto^hey form the basis of so 
many interesting and important compottnds, that their total omis- 
sion would throw great obscurity on our general outline of chemical 
science / We shall, however, review them in as cursory a manner 
as the mibject can admit of. /^ 

Alumine derives its^namafirom a compound salt called ahan^ of 
which it forms the basid) ^ 

Caroline. But it ougHt to be just the contrary, Mrs. B.; the simple 
body should fi^ive, instead of taking, its name from the compound. 

Mrs. B. That is true ; but as the compound salt was known long 
before its basis was discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtained. However, 
to reidove your scruples, we will call the salt according to the new 
nomenclature, sulphat of alumine. From this combination, alumine 
may be obtained in its pure state ; it is then soft to the touch, makes 
a paste wi,th water, and hardens in the fire. In nature it is found 
chieflyfin clay,^which contains a considerable proportion of this 
earth ; it is very abundanl ii/fuUers' earth, slate, and a variety of 
other rainei;^ productiona. XThere is indeed scarcely any mineral 
substance more useful to mankind than alumine. In the state of 
clay, it forms large strata of the earth, gives consistency to the soil 
of valleys, and of all low and damp spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, are almost en- 
tirely of clay ; instead of allowing of the filtration of water, as sand 
does, it forms an impenetrable bottom, and by this means water is 
accumulated in the caverns of the earth, producing those reservoirs 
whence springs issue, and spout out at the surface. 

Emily. I always thought that these subterraneous reservoirs of 
water were bedded by some hard etone, or rock, which the water 
could not penetrate. 

Mrs. B. That is not the case ; for in the course of time, water 
would penetrate, or wear away silex, or any other Idnd of stone, 
while it is effectually stopped by clay, or alumine. 

The solid compact soils such as are fit for corn, owe their consist- 

823. How, and why does the fluoric acid destroy glass P 

824. Why is it necessary to understand the nature of the earths ? 

825. From what does alumine derive its name ? 

826. What is the sulphat of alumine ? 
&8T. la what is alumine chifefty found? 

628. la whtA kind of soil dbes it occur moeX «^uudasi^^> 
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mice in » great measnie to aAumine ;^ this enth is dieiefore uaed to 
improve sandy or chalky soils, which^o not retain a sufficient quan- 
tity of water for the purpose of Testation. g^ 

Alumine is the most essential ingredient in all potteries, ^t en- 
ters into the composition of brick, as well as that of the finest por- 
celain \ the addition of silex and water hardens it, renders it sua- 
ceptil^ of a degree of vitrification, and makes it perfectly fit for its 
various purposes. 

Caroline. I can scarcely conceive that brick and china should be 
made of the same materials. 

Mrs, B, Brick consists almost entirely of baked clay ; but a cer- 
tain proportion of silex is essential to the formation of earthen or 
stone ware. In the common potteries, sand is used for thatjHirpose; 
a more pure silex is,* I believe, necessary for the composition of 
porcelain, as well as a finer kind of clay ; and these materials are, 
no doubt, more carefully prepared, and curiously wrought in the 
one cas^han in the other. Porcelain owes jts beautiful semi-trans- 
parencj/to a commencement of vitrificationy 

^/m^^But the conmionest earthenware, though not transparent, 
is covered with a kind of glazing. 

Mrs. B. That precaution is equally necessary for use as for beau- 
ty, as the ware would be liable to be spoiled and corroded by a va- 
riety of substances, if not covered with a coatin&p of this kind. In 
porcelain it consists of enamel, which is a fine white opaque glass, 
rormed of metallic oxyds, sands, salts, and such other materius as 
are susceptible of vilification. The glazing of common earthen^ 
ware is made chieflj/^ oxyd of lead, or sometimes merely of saltj 
which, when thinly sj^read over earthen vessels, will, at a certsifi 
heat, run into opaque glass. 

Caroline. And of what nature are the colors which are used for 
painting porp^lain? \ 

Mrs. 6. Arhey are all composed of metallic oxyds } so that these 
colors, instead of receiving injury from the apphcauon of fire, are 
strengthened and developed by its action, which causes them to un- 
dergo difierent degress of oxydation. 

Alumine and suex are not only often combined by art, but they 
have in nature a very strong tendency to unite, and are found com- 
bined in difierent proportions, in various gems and other minerals. 
Indeed, many of the precious stones, such as ruby, oriental sap-' 
phire, amethyst,f &c. consist chiefly of alumine. 

We may now proceed to the alkahne earths ; I shall say but a few 
words on babytes, as it is hardly ever used except in chemical 

* Porcelain clay, of which China ware b made, is found among 
granite rocks, and seems to owe its origin to the decomposition of a 
mineral called feldspar. Its composition is silex and alumine, silex 
being the predominant ingredient. — C. 

f The amethyst is almost entirely composed of silek. — C. 

82i). What is the use of alumine for purposes of vegetation ? 
BMi. What is the use of it in works of art ? 

831 . To what is the transparency of porcelain owing ? 

832. Of what is the glazing of common eanben ^%x« miAial 

833. What u the iiatore of the colon wbieh «M lOM^te vi&ffi!^'&% 
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laboratories. It it remarkiUepir its great weigbt, and its stnMf 
alkaline properties, such as denroyinff animal spbslances, tmniiig 
^reen some blue regetable colon, and showin^Mi powerful attne- 
tion for acids ; this last property it possesses to Suct a desree, par- 
ticularly with regard to the sulphuric acid Jthat it will alwaTS de- 
tect its presence in any substance or eombination whatever, OTun- 
mediately uniting with it, and forming a sulphi^ of barytes. ThJB 
render)^ it a very valuable chemical tesC It is foond pretty abim?^ 
dantly in nature in the state of carbonat *\firom which the pure caith 
can be easily separated. ^ 

The next earth Are have to consider is Limk. This is a substaooe 
of too great and general importance to be passed over so ligbdy as 
the last. 

Lime is strongly alkaline. In nature it is not met with in its 
simple state, as its affinity for water and carbonic acid is so great 
that it is always found combined with these sobstancc»J.with whkh 
it forms the common limestone ; but it is separated in -Che Idln firom 
these in^edients, which are volatilized whenever a sufficient degree 
of heat is applied. 

Emily. (ruTe lime, then, is nothing but limestone, jwhich lias 
been deprived, in the kiln, of its water and carbonic acidn 

Mrs. B. Precisely ; in this state it is called <piick &me, vid it is so 
caustic, thal^it is capable of decomposing the dead bodies of animah 
very rapidly, without their underling the process of putrefaction^ 
I have here some quick lime, which is kept oarefuUy corked op in 
a bottle tu prever)^ the access of the air ; loifwere it all exposed to 
the atmosphere, it would absorb both raoistore and carbonic add 
gas from it, and be soon slaked J Here is also some limestone — ^we 
shall puur a little water on eacn, and observe the effects that result 
from it. /" 

Caroline. How the quick lime hisses ? It is become excessively 
hot ! — It swells, and now it bursts and crumbles to powder ,]while 
the water appears to produce no kind of alteration on ibo^ lime- 
stone. \ 

Mrs. B. Because the limestone is already saturated with water, 
whilst the quick lime, which has been deprived of it in the kilH} 
combines with it with very ^eat aridity, and produces this prodi- 
gious disengagement of heat^ the cause of which I formerly explain- 
ed to you ; do you recollect it ? 

Emily. Yes ; you said that the heat did not proceed from the lime 

• The native carhonat of barytes is a rare mineral. It is a viru- 
lent poison. The sulphat of barytes is found in considerable abun- 
dance. — C. 

834. For what is barytes remarkable f 

835. For what is it valuable ? 

83G. Where is it abundantly found ? 

837. What is the reason that lime is not found in its simple state f 

838. How does limestone differ from pure lime.' 

839. What effect will quick lime have upon the dead bodies of ani- 
mals ? 

840. What effect does the air pioduce on quick lime f 

841. What effect has water on it? 

^^ Why will not water have an effect on limestone as wdl as 
ekiime.' 



but from the waler, wliicii was toMifiBL, ud this jncrtBd with its 
heat of liquidity. 

Mrs, B. VeiT welL If we contiime to add snecenre qnamitin 
of water to the lime, tStier beinir slaked and crmnbled. as vcm see 
it will then gradaallj be diJ3i»ed in the waser, till it wiH al length 
be dissolved in it, and entireJj dkappeaa:; but for this ^mrpuse it 
requires no less than 700 times its weight cf water. Hm sofaition 
i9 called lime footer.*^ '^ 

Caroline. How tcij amaB, then, is the p r op oil i an of lime diasaly- 

Mrs. B. Baiytes is also of tcsj diffienh sohilaan i but it is much 
more soluble in the stale of crjsiUlB. The liquid <e9iitaiDed in this 
bottle is lime water ; it is ofleo used as a medicixie^ehi^y, I beliere, 
for the purpose of combining with, and neotraJixing the sopeiabun- 
dant acid which it meets with in the stomal. 

Emily. 1 am surprised that it is so perfectly dear; it does not at 
all partake of the whiteness of the lime. /■ 

Mrs. B. Have ^ou forgotten thal^ in solution^ the seiid l^y is 
80 minutely subdirided by the fluid as to beoome iniisble) aad 
therefore, will not, in the least degree, impa-ir the tra nspajeuey of 
the solvent? r- 

I said that the attraction of lime for carbonic acid aras so strong, 
that it would absorb it from the atmosphere. Wa^may see this efieet 
by exposing a glass of lime water to me air ; tb^ lime will then sep- 
arate from the water, combine with the cari^onSc^ acid, and re-ap- 
Eear on the surface in the form of a white film, wluch is carbonat of 
me, commonly called dudk. ^ 

QxroUne. Chalk is, then, a compound salt ! I ner?r should hare 
supposed that those immense beds of chalk, that we see in many 
parts of the country, were a salt. Now the white film begirt to ap- 
pear on the surface of the water; but it is ^ from resembling hard 
solid chalk. 

Mrs. B. That is owing to its state of extreme division ; in a lit- 
tfe time it will collect into a more compact mass, and subside at the 
bottom of the glass. ^ 

If you breathe into lime^ater, the^rbonic acid which is mixed 
with the air that you expire\ will proohce the same effect. It is an 
experiment very easily mady:— I shall poiir some lime water into 
this ^lass tube, and by breathing repeatedly into it, you will soon 
perceive a precipitation of chalk. 

* To make lime water /take a piece of well burned lirae, about 
the size of a hen's e^g,piU it into an earthen dish, and sprinkle wa- 
ter on it, till it falls mto powder. Then pour on two quarts of boil- 
ing water, and stir it several times, after the lime has settled ; pour 
off the clear water and cork it for use>-C 

843. Why is heat disengaged when water is put upon quick Ume ? 

844. How much water does it take to dissolve lime ? 

845. Is Barytes easily dissolved in water ? 

846. Why does not lime water partake of the whiteneis of lime ? 

847. For what has lime a very strong attraction ? 

848. Why does a white film collect on the surfkce of lime water on 
being exposed to the air ? 

849. Why will lime water tarn white if yon breathe into it? 
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Emily, I see already a small white cloud formed. 

Mrs, B. It is composed of minute particles of chalk ; at present 

^oats in the watevbut it will soon subside. 

f Carbonat of lime,^r chalk, you see, is insoluble in water, since 

the lime which was dissolved, re-appears when converted into chalk; 

but you must take nifljce of a very singular circumstance, whiqh is, 

that chalk is solubl^in water impregnated with carbonic acid. J 

Caroline, It is veiry curious, indeed, that carbonic acid aav gas 
should render lime soluble in one instance, and insoluble ia the 
other ! 

Mrs. B. I have here a bottle of Seltzer water, which you know, 
is strongly impregnated with (phonic acid ; let us pour a little of 
it into a glass of lime water, /x'ou see that it immediately forms a 
precipitation of carbonat of limeV^ 

Emily, Yes, a white cloud ap|^ars. 

Mrs, B, I shall now pour an additional quantity of the Seltzer 
water into the lime water. 

Emily. How singular ! The cloud is re-dissolved, and the liyuid 
is again transparent. 

. Mrs, B, All the mystery depends upon this circumstance, that 
carbonat of lime is soluble in carbonic acid, whilst it is insoluble in 
' water; the first quantity of carbonic acid, therefore, which I intro- 
duced into the hme water, was employed in forming the carbonat 
of lime, which remained visible, until an additional quantity of car- 
bonic acid dissolved it. Thus, you see, when the lime and carbonic 
acid are in proper proportions to form chalk, the white cloud ap- 
pears ; but when the acid predominates, the chalk is no sooner form- 
ed than it is di«-solved. 

Caroline. That is now the case ; but let us try whether a further 
addition of lime water will again precipitate the chalk. 

Emily, It does, indeed ! The cloud re-appears, because, I sup- 
pose, I here is now no more of the carbonic acid than is necessary 
to form chalk ; and, in order to dissolve the chalk, a superabun- 
dance of acid is required. 

Mrs, B, We have, I think, carried this experiment far enough; 
eyery repetition would but exhibit the same appearance. 

Lime combines with most of the acids, to which the carbonic (as 
being the weakest) readily yields it; but these combinations wc 
shall have an opportunity of noticing more particularly hereafter. 
It unites with phosphorus, and with sulphur, in their simple state; 
in short,' of all the earths, lime is that which nature employs most 
frequently, and most abundantly, in its innumerable combinations. 
It is the basis of all calcareous earths and stones ; we find it like- 
wise in the animal and vegetable creations. 

Emily. And in the arts is not lime of very great utility ? 

Mrs, B, Scaicely any substance more so ; you know that it is a 

850. What is the chemical name of chalk ? 

851 . Wliat is the process of making lime water f 

852. How may chalk be dissolvea? 

853. What will be the result if Seltzer water be poured into linm 
water ? 

854. What is the basis of all calcareous earths and stones? 

855. Of what use is lime in the arts ' 



\most essential requi^te in building, as it constitutes the basis of all 
dements, such as mortar, stucco, piaster! &c. ^ 

Lime is also of infinite importance in agriculture; At lightens and 
"warms soils that are too^old and compact, in consequence of too 
great a proportion of clay.j But it would be endless to enumerate 
the various purposes for \^ch it is employed ; and you know enough 
of it to form some idea of its importance ; we shall, therefore, now 
proceed to the third. alkaline earth, magnesia. 

Caroline, I am already pretty well acquainted with that earth ; 
it is a medicine. 

Mrs, B, It is in the state of carbonat that magnesia is usually 
employed medicinally ; it then differs but little in appearance ^rom 
its simple form, which is that ofa -very fine light white powder^ It 
dissolves in 2000 times its weight of water, but forms withholds 
extremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found in 
a great variety of mineral combinations, such as slate, mica, ami<% 
an thus; and more particularly in a certain limestone, which has 
been discovered by Mr. Tennant to contain it in very great quan- 
tities. /It does noT attract and solidify water, hke lime ; but when 
mixed with water^and exposed to the atmosphere, it slowly absorbs 
carbonic acid from the latter, and thus loses its- causticity. Its 
chief use in medicine is, like that of lime, derived from nits readi- 
ness to combine with, and neutralize, the acid which i^ meets with 
in the stomach.) /' ^ >. 

Emily, Yet/ you said that it was takei/in the state of carbonate) 
in which case, h has already combined with an aciii ? ^ 

Mrs, B, Ye^ ; but the caibonic is the last of all the acids in the 
order of affinities ; it will therefore yield the magnesia to any of 
the others. It is, however, frequently taken in its caustic state as 
a remedy for flatulence. Combined with sulphuric acid, magnesia 
fornp another and more powerful medicine conmionly ci)Xed(Epsom 

proline. And properly, sulphai of magnesia, I suppose ? Pray, 
how did it iObtaia the name of Epsom salt ? 

Mrs. B, (Because there is a spring in the neighborhood of Epsom 
which contains this salt in great abundance .J 

The last alkaline earth which we haveHo mention is btbon- 
TiAW, or 8TRONTITES, dlscovcred by Dr. Hope a few years ago. 
It so strongly resembles harytes in its properties, and is so sparingly 
found in nature, and ofso little use in the arts, that^t will not be 
necessary to enter intoNBuay particulars respecting[ it.^fOne of the 
remarkable characteristic properties of strontites is, xnat its salts, 
when dissolved in spirits of wine, tinge the flame a^jieep red, or 
blood color?\ 

856. Of what use is lime in agriculture ? 

857. What is the simple form of magnesia ? 

858. Does it attract water ? 

859. What is its chief use in medicine .? 

860. In what state is it used in medicine ? 

861. What does it form combined with sulphuric acid? 
863. Why is the sulphat of magnesia called Epsom salt ? ' 

863. Is strontian of any use ? 

864. What is one of toe remarkable properties of ttrontitei f 

18 
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CONVERSATION XYI. 

ON ACIDS. 

Mrs. B. We may now proceed to the acids. Of the metailie 
oxyds,. you have already acquired some general notions. This 
subject though highly interesting in its details, is not of sufficient 
importance to our concise view of chemistry, to he particularly 
treated of ; but it is absolutely necessary that you should be better 
acquainted with the acids, and likewise with their combiuations 
with the alkalies, which form the triple compounds, called neu- 
tral SALTS. 

This class of acids is characterized by very distinct properties. 
(.They all change blue vegetable infusions to a red color; they are 
more or less sour to the taste; and have a general tendency to 
combine with the earths, alkalies and metallic oxyds/ 

You Jiave, I believe, a clear idea of the nomenclature by which 
[the base\(or radical) of the acid, and the various degrees of acidifi- 
cation, we expressed ? 

Emily. Yes, I think so ; the acid is distinguished by the name of 
, its base, and its degree of oxydation, that is, the^quantjitjr of oxygen 
it contains, by the termination of that name ii/^u^oi^A thus siil- 
phureotz5 acid, is that formed from the smallest proportiosr of oxygen 
combined with sulphur ; sulphuric acid is that which results from 
the combination of sulphur with the greatest quantity of oxygen. 

Mrs. B. A still greater latitude may, in many cases, be allowed 
to the proportions of oxygen that can be combined with acidifiable 
radicals ; for several of these radicals are susceptible of uniting with 
a quantity of oxygen so small as to be insufficient to give them the 
properties^ of acids ; in these cases, therefore, they are converted 
into oxyds. Such is sulphur, which, by exposure to the atmos- 
phere with A degree of heat inadequate to produce inflammation, 
absorbs a small proportion of oxygen, which colors it red or brown. 
This, therefore, may be considered as the first degree of oxygena- 
tion of sulphur; the 2d converts it Into sulphureotts,acid ; the 3d 
into the sulphuric acid ; and 4thly, if it was found ca{)able of com- 
bining/^ith a still larger proportion c^f oxygen, it would then be 
termed super-oxygenated sulphuric oddA 

Emily. Are these various degrees oi oxygenation common to all 
the acids Y~ 

Mrs. B\ No ; they vary much in this respect H some are suscep- 
tible of only one degree of oxygenation ; ^thersrof two or three: 
there are but very few that will admit of more. 

865. What is an acid ? 

866. How are aeids distinguished ? 

867. What is meant by the radical of an acid ? 

868. What substance unites to the radical to form an acid ^ f^ 

869. How does the language of chemistry distinguish the stronger 
Ixom the weaker acid? 

870. What term is used to denote the first degree of oxygenation ? 

871. When a radical unites with another proportion of oxygen after 
that denoted by ic, what term is used f 

879. Are all acids sdaceptible of the same degree of oxygenation ' 
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Caroline. The modern nomenclature must be of immense adTan- 
tage in pointing out so easily the nature of the acids, and their 
various degrees of oxygenation. 

Mrs, B, Till lately many of the acids had not been decomposed ; 
but analogy afforded so strong a proof of their compound nature, 
that I could never reconcile myself to classing them with the simple 
bodies, though this division has been adopted by several chemical 
writers. At present the muriatic and the fluoric are the only acids 
which have not had their bases distinctly separated. - 

Caroline. We have heard of a great variety of acids ; pray how 
many are there in all ? -- -^ 

Mrs. B. I believe there are reckoned at present thirty-four,] and 
their number is constantly increasing as the scienceSmprovesf bu.t 
the most important, and those to which we shallalmost entirely 
confine pur attention, are but few. I shall, however, give you a 
general view of the whole; and then we shall more particularly 
examine those that are the most essential. ^ 

This class of ladies was formerly divided int/^mineral, vegetable 
and animal acidsj according to the substances^from which they 
were commonly m)tained. ^^ 

Caroline. That, I should think, must have been an exceUent ar- 
rangement v^hy was it altered ? ^ 

Mrs. B. (Because, in many cases it produced confiasionS In which 
class, for insi^nce, would you place carbonic aeid ? 

Caroline. Now I perceive the difficulty. I should be at a loss 
where to place it, as you have told us that it exists in the animal, 
vegetable, and mineral kingdoms. 

Emily. There would be the same objection with respect to 
phosphoiic, which, though obtained chiefly from bones, can also, 
you said, be found in quantities in stones, and likewise in some 
plants. 

Mrs. B. You see, therefore, the propriety of changing this mode 
of classification. These objections do not exist in the present no- 
menclature ; for the composition and nature of each individual acid 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to-4he more >^eneral divi- 
sion of acic^s, they are classed under theseuliree head&(; . 

First, TAckIs of known or supposed simple bases, which are 
formed by-the union of these bases with oxygey They are the 
following : 

873. How many acids are there ? 

874. How were acids formerly divided? . 

875. What objection was there to this division ? 

876. Under how many general heads or divisions are acidR at present 
placed .' 

877. What kind of acids make the first class ? ^ 
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Nitric 






►Adds of known and simple boaes. 



Ftuaric 
Muriatic) J 

This class eaMnrehenda the moat anciently known and most im- 
portant acids. : Tne solphoiic, nitric, and mnriaticjweTe formerly, 
and are atill freqnently called mineral adds, ^ 

Sdlj.' Acids that hare doable or binary radicals, and which oodt 

aequeistty consist of triple comhinationsS These are the vegetabk 

aciJs, whose common radical i/a compomid of hydrogen and carbmP 

Caroline. But if the basis oCsJl the Tegetable acids be the sa^ 

it should form but one acid ; it may indeed combine with different 

proportioDs of oxygen, but the nature of the acid must be the same. 

Mrs. B*, The only difference that exists in the bases of vegetable 

adds, isi the various proportions ^ hydrogen and carbon from 

which they are severally composedj But this is enough to produce 

a number of adds apparently vefy dissimilar. That they do not 

however difier essentially, is proved by their susceptibility of being 

converted into each other, bythe addition or subtraction of a po^ 

tion of 'hydrogen or carbon. The names of these adds are, 

Th9 Acetic 

' Oxalic 

Thrtarous 

Otric 

Malic 

Gallic 

Mucous 

Benzoic 

Succinic 

Camphoric 

Suberic ^ 

.' The 3d cla^ of acids consists of those which have tzjnle radicals, 
ajttd are therefore of a still more compound nature/} This class 
comprehends the animal adds, which are, 
Th^Lactic 



► Adds of double bases, being of vegetable origin. 






^ Prussic 
Formic 
Bombic 
Sebacic 
Zoonic 
Lithic 



►Adds of tnpie bases, or animal adds. 



878. What are their names ? 

879. Wha^ ones of this class are called mineral acids f 

880. What ones make the second division ? 

881. What is the common radical of vegetable acids .' 

682. What is the difference in Ihe bases of vegetable acids ' 
883, WhAt are the names of the ve^jeXaXAe w.\d%> 
684, Whtit ones make the third dWiavou o£ wivda> 
866, Name the acids with triple t%dica\». 

1 
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I have given you this summary account or enumeration of the 
acids, as you may find it more satisfactory to have at once an out- 
line or a general notion of the extent of the suhject *. but we shall 
now confine ourselves to the first class, which requires our more 
immediate attention ; and defer the few remarks which we shall 
have to make on the others, till we treat of the chemistry of the 
animal and vegetable kingdoms. 

The acids of simple and known radicals are in most instances 




what it is ? 

Caroline, Yes /it is an oxyd, formed by the oxygen of the acid 
combining with the irony 

Mrs. B. In this case you see the sulphur deposits the oxygen by 
which it was acidified on the metal? And again, if we pour some 
acid on 'a compound combustible substance, (we shall try it on this 
piece of wood) it will combine with one or more of the constituents 
af that substance, and occasion a decomposition. 

Emily. It has changed the color of the wood to black. How 
is that? x^ -,. 

Mrs, 5.^ The oxygen deposited hy the acid has burnt it\ you 
know that wood in burning becomes black before it is reduced to 
ashes. Whether it derives the oxygen which bums it from the 
atmosphere, or from any other source, the chemical effect on the 
wood Jfih the same. In the case of real combustion, wood becomes 
blacki because it is reduced Xd the state of charcoal by the evapora- 
tion of its other constituents^ But can you tell me the reason why 
wood turns black when burnt by the application of an acid ? 

Caroline J" First tell me what^re the ingredients of wood ? 

Mrs, B, (Hydrogen and carbon)are the chief constituents of wood, 
as of all othbr ves^etable substaifces. 

Caroline. Well, then, I suppose that the oxygen of the acid 
combines with the hydrogen of the wood, to form water ; and that 
the carbon of the wood, remaining alone, appears of its usual black 
color. 

Mrs. B. Very well indeed, my dear; that is certainly the most 
plausible explanation. 

Emily, Would not this be a good method of making charcoal ? 

Mrs. B. It woiild be an extremely expensive, and 1 believe very 
imperfect method ; for the action of the acid on the wood, and the 
heat produced by it, are far frbm sufilcient to deprive the wood of ' 
.all its evaporable parts. 

Caroline, What is the reason that vinegar, lemon, and the acid 
of fruits, dojiot produce this effect on the wood ? 

Mrs. B. [They are vegetable acids whose bases are composed of 

886. How can acids of simple radicals be decomposed ? 

887. If a drop of sulphuric acid fall* on a piece of iron, why does it 
produce rust.^ 

888. Why does acid turn wood black ? 

889. Why does wood become black in real combustion ? 
690. What are the chief constituents of wood? 

891. Whj does not vinegar, lemon, and the oOiei ^e^XxiSc^^ v£\^ 
produce the wame effect on wood ? 

IS* 
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hjrcbrogen and carbon ; the oxygen, theiefbre, will ftot be 
to quit this radical, where it is already united with hydrogen^ The 
strongest of these may, perhaps, jrield a little of their oi^gen to 
the wood, and produce a stain upon it, but the carbon will not be 
sufficiently uncovered to assume its black color. Indeed, the sey^ 
era! mineral acids themselves possess this power of charting wood 
in very different degrees. 

Emily, Cannot vegetable acids be decomposed, by any combos- 
tibles ? 

Mrs, B. No : because th^ir radical is composed of two sub- 
stances which have a greater attraction for oxygen than any knoiFP 
body. 

Caroline, And are those strong adds, which bum and deoomp«e 
wood, capable of producing similar effects on the skin and flesh of 
animals? 

Mrs. B. Yes ; all the mineral acids, and one of them more espe- 
cially, possess powerful caustic qualities. They actually corrode 
and destroy the skin and flesh ; but they do not produce upon these 
exactly the same alteration thejr do on wood, probably because 
there is a gieat proportion of nitrogen and other substances in 
animal matter, which prevents the separation of carbon &om being 
so conspicuous. 



CONVERSATION XVH. 



OF THE SULPHURIC AND PHOSPHORIC ACIDS ; OR THE COMBIHA- 
TIONS OF OXYGEN WITH SULPHC 
THE SULPHATS AND PHOSPHATS. 



TIONS OF OXYGEN WITH SULPHUR AND PHOSPHORUS; AND Of 



Mrs, B. In addition to the general survey which we have taken 
of acids, I think you will find it interesting to examine individually, 
a few of the most important of them, and likewise some of their 
princi^l combinations with the alkalies, alkaline earths, and met- 
als. The first of these adds, in point of importance, is the sul- 
phuric, formerly called oU of vitriol, 

Caroline. I have known it a long time by that name, but had no 
idea that it was the same fluid as sulphunc acid. What resemblance 
or connection can there be between oil of vitriol and this acid ? 

Mrs. B. Vitriol is the common name for sulphat of iron, a salt 
which is formed by the combination of sulphuric acid and iron : the 
sulphuric acid was formerly obtained by distillation from this salt, 
and it very naturally received its name from the substance which 
afforded it. 

892. Why cannot vegetable acids be decouiposed by combustibles ? 

893. Do the mineral acids have the same eoect on the skin and fleih 
of animals as on wood ? 

894. If they do not what is the reason ? 

895. What ia the proper chemical name o>: ujl c£ VvXs^ioV? 
696. H^/ was it called oil of viU'io\> 
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CktroUne, But it is still usoally called oil of yitriol ? 

Mrs, B, Yes ; a sufficient length of time has not yet elapsed, 
since the invention of the new nomenclature, for it to be generally 
diisseminated ; but as it is adopted by all ^entific chemists, there 
is every reason to suppose that it will gradually become universal. 
When I received this bottle from the chemists, oU of vitriol was 
inscribed on the label ; but as I knew you were very punctillious in 
regard to the nomenclature, changed it and substituted the words 
s^pkaric add, 

JEMiy, This acid has neither col^r nor smell, but it appears 
much thicker than water. 

Mrs, B. It is nearly twice as heavy as water, and has, you see, 
an oily consistence. 

Caroline. And it is probably from this circumstance that it has 
been called an oil ; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essential 
constituents of oil. 

Mrs, B. Certainly, and'therefpre it would be the more absurd to 
petain a name which owed its origin to such a mistaken analogy. 

Sulphuric acid, in its purest state would probably be a concrete 
substance, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free from it ; it is therefore, always 
seen in a liquid form, such as you here find it. One of the most 
striking properties of sulphuric acid is that of evolving a consid'er- 
able quantity of heat when mixed with water ; this I have already 
shown you. 

Emily. Yes, I recollect it ; but what was the degree of heat pro- 
duced by that mixture ? 

Mrs. B. The thermometer may be raised by it 300 degrees, 
which is considerably above the temperature of boilin? water. 

Caroline, Then the water may be made to boil in that mixture ? 

Mrs. B. Nothing more easy, provided that you employ sufficient . 
quantities of acid and of water, and in the due proportions. The 
greatest heat is produced by a mixture of one part of water to four 
of the acid ; we shall make a mixture of these proportions, and 
immerse in it this thin glass tube, which is full of water. 

Caroline. The vessel feels extremely hot, but the water does not 
boil yet. 

Mrs. B. You must allow some time for the heat to penetrate ths 
tube, and raise the temperature of the water to the boiling point — 

Caroline, Now it boUs, and with increasing violence. 

Mrs, B. But it will not continue boiling long ; for the mixture 
gives out heat only while the particles of the water and the acid are 
mutually penetratmg each other ; as soon as the new arrangement 

897. What is the color and smetl of this acid ? 

898. What is its weij^ht? 

899. What would sulphuric acid be in its purest state ? 

900. What is the consequence of mixing it with water ? 

901. What is one of its most strikinff properties .' 

902. How high may a thermometer be raised by it ? , 

903. In what proportions must sulphuric acid and watA be mixed in 
Older tojirodoce the greatest degree of heat ? 

904. WV does the mixture of sulphuric lead and "iv^tart ^^^ «Q^ 
heut only &r bo short. « time .' 
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of these particles is effected, the* mixture will gradually oool, and 
the water return to its former temperature. 

You have seen the manner in which sulphuric acid decompose! 
all combustible substances, whether animal, vegetable, or mineial. 
and burns them by means of its oxygen ? 

Caroline. I have very unintention^y repeated the experiment oo 
my gown, by letting a drop of the acid fall upon it, and it has made 
a stain, which I suppose will never wash out. 

Mrs. B. No, certainly ; for before you can put it into water, the 
spot will become a hole, as tl^e acid has literally burnt the muslin. 

Caroline. So it has, indeed ! Well, I will fasten the stopper, 
and put the bottle away, for it is a dangerous substance. Oh, now 
I have done worse still, for I have spilt some on my hand ! 

Mrs. B. It is then burned, as well as your gown, for you know 
that oxygen destroys animal as well as vegetable matter ; and as 
far as the decomposition of the skin of your finger is efiected, there 
is no remedy ; but by washing it immediately in water, you will 
dilute the acid, and prevent any further injury. 

Caroline, It feels extremely hot, I assure you. 

Mrs. B. You have now learned, by experience, how cantionsly 
this acid must be used. You will soon become acquainted with 
another acid, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, and makes upon it an indelible stain. 
You should never handle any substance of this kind without pre- 
viously dipping your fingers into water, which will weaken their 
caustic effect. But, since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisture from the 
atmosphere, which would destroy its strength and purity. 

Emily. Pray, how can sulphuric acid be extracted from sulphat 
of iron by distillation ? 

Mrs. B. The process of distillation, you know consists in sepa- 
rating substances from one another, by means of their different 
degrees of volatility, and by the introduction of a new chemical 
agent, caloric. Thus, if sulphat of iron be exposed in a retort to a 
proper de^ee of heat, it will be decomposed, and the sulphuric acid 
will be volatilized. 

Emily. But now that the process for forming acids, by the com- 
bustion of their radicals is known, why should not this method be 
used for making sulphuric acid ? 

Mrs. B. This is actually done in most manufactures ; but the 
usual method of preparing sulphuric acid does not consist in burn- 
ing the sulphur in oxygen gas (as we formerly did by way of 
experiment,) but in heating it together with another substance, 
nitre, which yields oxygen in sufficient abundance to render the 
combustion in common air rapid and complete. 

Caroline. This substance, then, answers the same purpose as 
oxygen gas ? 

Mrs. B. Exactly. In manufactures, the combustion is performed 
in a leaden chamber, with water at the bottom, to receive the vapor 
and assist its condensation. The combustion is, however, never 
SQ perfect but that a quantity of sulphureous acid is formed at the 

9^. How does sulphuric acid compare with nitric acid ? 
^06. In what consists the process of distillation ? 
907. How is sttlphuric acia obtained ? 
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same time ; for, if you recollect that the sulphureous acid, accord- 
ing to the chemical nomenclature, difiers from the sulphuricTonly 
by containing less oxygen.] ^ 

From its own powerful/ properties, and from the various combi 
nations into which it enters, sulphuric acid is of great importance 
in many of the arts. 

It is used also in medicine in a state of great dilution ; for were 
it taken internally, in a concentrated state, it would prove a most 
dangerous poison. 

Caroline, I am sure it would bum the throat and stomach. 

Mrs. B. Can you think of any thing that would prove an anti- 
dote to this poison ? 

Caroline, A large draught of water to dilute it. 

Mrs, B, That would certainly weaken the caustic power of the 
acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually ? 

Emily, An alkali might, by combining with it; but then a pure 
alkali is itself a poison, on account of its causticity. 

Mrs, B, There is no necessity that the alkali should be caustic. 
{ Soaj^ in which it is combined with oil ; or/magnesia,)either in the 
'^state'of carbonat, or mixed with water. Would prove the best 
antidote. 

Dmify, In those cases then, I suppose, the potash and the mag- 
nesia would quit their combinations to form salts with the sulphuric 
acid? 

Mrs, B. Precisely. 

We may now make a few observations on the sulphureous acid, 
which we have found to be the product of /sulphur slowly and im- 
perfectly bumt^J This acid is distinguishea by its pungent smell, 
and its gaseous/form. 

Caroline, Its seriform state is, I suppose, owing to the smaller 
proportion of oxygen, which renders it lighter than sulphuric acid ? 

Mrs, B, Probably ; for by adding oxygen w) the weaker acid, 
it may be converted into She stronger kindr But this change of 
state may also be connected with a change of affinity with regard 
to caloric. 

Emily, And may sulphureous acid be obtained from sulphuric 
acid by a diminution of oxygen ? 

Mrs, B, Yes ; it can be doj;ie by bringing any combustible sub- 
stance in contact with the acid. This decomposition is most easily 
performed by some of the acids; these absorb a portion of the 
oxygen from the sulphuric acid, which is thus converted into the 
sulphureous, and flies off in its gaseous form. 

Caroline, And cannot the sulphureous acid itself be decomposed 
and reduced to sulphur? 

Mrs. B. Yes ; if this gas be heated in contact with charcoal, the 
oxygen of the gas will combine with it, and the pure sulphur will 
be regenerated. 

908. How does sulphureous acid differ from sulphuric ? 

909. What would prove the best remedy to a person who had swal- 
lowed sulphuric acid i 

910. How may sulphureous acid be obtained ? 

911. How can the sulphuric acid be changed to the traV^Vsox^craa . 
915S. How CMB BuJpbureouB acid be reduced to auipYvxxx ^ 
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Sulphoieous acid is readily absorbed bv water ; and w thn liauiii 
state i\ is found particularly useful in bleaching linen and wooiko 
cloths, and is much used in manuractures for those purposes. 1 
can sb6w you its effects in destro3nng colors, by taking out vegetar 
ble stains — ^I think I see a spot on your gown, flmily, on which we 
may try the experiment. 

Emiiy. It is the stain of mulberries : but I shall be almost afraid 
of exposing my gown to the experiment, after seeing the ef^ 
which the sulphuric acid produced on that of Caroline — 

Mrs. B, There is no such danger from the sulphureous ; but the 
experiment must be made with great caution, for during the fonna 
tion of sulphureous acid by combustion, there is always some sul- 
phuric produced. 

Caroline. But where is your sulphureous acid ? / ' 

Mrs. B. We may easily prepare some ourselvedLsimpIy by burn- 
ing a match ; we must first wet the stain with wate^ and -now hold 
it m this way, at a distance over the lighted match\ the vapor thai 
arises from it is sulphureous acid, and the stain, ydu see, gradoally 
disappears. 

Enuly. I have frequently taken out stains by this means, without 
understanding the nature of the process. But why is it necessary 
to wet the stain before it is exposed to the acid fumes ? 

Mrs. B. The moisture attracts and absorbs the sulphureous acid; 
and it serves likewise to dilute any particles of sulphuric acid which 
might injure the linen. 

Sulphur appears to be susceptible of a third combination of oxy- 
gen in which the proportion of the latter is too small to render the 
sulphur acid, {it acquires this slight oxyg^enation by mere exposure 
to the atmosphere, without any application of heat ; in tius case 
the sulphur does not change its natural form, but is only discolored, 
being changed to red or brown, a state in which it may be consid- 
ered an oxyd of sulphury 

.Before we take leaverof the sulphuric acidyr-we shall say a few 
words of its principal combinations. It unitea^itkaU the alkalies, 
alkaline earths and metals, to form compound s^ltsA 

Caroline. Pray, give me leave to interrupt yo>r for a moment : 
you have never mentioned any other salts than the compound or 
neutral salts ; is there no other kind ? 

Mrs. B. The term salt has been used, from time inunemorial, as 
a kind of general name for any substance that has savor, odor, 
is soluble in water, and crystallizable, Whether it be of an acid, an 
alkaline or compound nature ; but the compound salts alone retain 
that appellation in modem chemistry. 

The most important of the salts formed by the combination of the 
sulphuric acid, are, first, sulphat of potash, formerly called salpofy- 
direst : this is a very bitter salt, much used in medicine ; it ia found 
in the ashes of most vegetables, but it may be prepared artificially 
by the immediate combmation of sulphuric acid and potash. This 

913. What important use is made of this acid ? 

914. What is the easiest process for making this acid ? 

915. How would yx>u describe a third combination of sulphur with 
oxygen ? 

916. With what does sulphuric acid unite ? 

917. What is the meaning of the term salt? 

s 
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salt 18 easily edluble in boilins' water. Solubility is, indeed, a prop^ 
eity common to all salts ^and they always produce cold in meuing'; 

tjmUy. That must be^owing to^he caloric which they absorb m 
passing from a solid to a nuid form\ 

Mrs. B, That is, certainly, the moat probable explanation. 

SvJphat of Soda, commonly called felauber's 8alt,\is another me- 
dicinal salt, which is still more bitter tlian th^ prece(Mig. We must 
prepare some of these compounds, that you may observe the phe- 
nomena which take place during their^rmation. We need only 
pour some sulphuric acid over the soda\vhich I have put into this 
*^lass. y 

Caroline, What an amazing heat is disengaged ! — ^I thought you 
said that cold was produced by the melting of salts? 

Mrs. B. But you must observe that we are now making, not melt' 
ing a salt. Heat is disengaged during the formation of compound 
salts, and a faint light is also emitted, which may sometimes be per 
ceived in the dark. 

DmHy. And is this heat and light produced by the union of the 
opposite electricities of the alkali and the.acid ? 

Mrs, B. No do,ubt it is, if that theory be true. 

Caroline, The union of an acid and an alkali is then an actual 
combustion ? 

Mrs. B, Not precisely, though there is certainly much analogy 
in these processes. 

Caroline, Will this sulphat of soda become solid ? 

Mrs, B, We have not, I suppose, mixed the acid and the alkali 
In the exact proportions which are required for the formation of 
the salt, otherwise the mixture would have been almost immediate- 
ly changed to a solid mass ; but in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first to dilute it with 
water, and afterwards to evaporate the water, during which operar 
tion the salt would gradually crystallize. 

Caroline. But of what use is the addition of water, if it is after- 
wards to be evaporated ? 

Mrs. B. When suspended in water, the acid and the alkali are 
more at liberty to act on each other, their union is more complete, 
and the salt assumes the regular form of crystals during the slow 
evaporation of its solvent. 

Sulphat of soda liquefies by heat and effloresces in the air. 

Emily, Pray what is the meaning of the word effloresces ? I do 
not recollact your having mentioned it before. 

Mrs. B^A salt is said to effloresce when it l^es its water of cr3rs- 
tallization on being exposed to the atmosphere/^d is thus gradual- 
ly converted into a dry powder : you may observe that these crys- 
tals of sulphat of soda are far from possessing the transparency 
wiiich belongs to tlj^ir crystalline state; they are covered with a 
white powder, occasioned by their having been exposed to the at- 
mosphere, which has deprived their surface of its lustre, by absorb- 
ing Its water of crystallization. Salts are, in general, either efflor^ 
escent or deliquescent ; this latter pxspezty is precisely the reverse of 

918. Why do the salts produce cold in melting ? 

919. By what name is the sulphat of soda called ? 

920. K[ow can sulphat of soda be formed ? * 

, 921. What is the significatioii of the word effloresce! > 
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th6 finmer ; that is to say, Beliqaescent salts absorb waterfinom tia 
atmosphere, and are moisten^ and g^radually melted by itJ JAiaaX 
of lime is an instance of great deliquescence. 

Unify, But are there no salts that hare the same degree of af- 
tiaction for water as the atmosphere, and that will consequently not 
be afl^ted by it ? 

Mrs. B, Yes: there .are many such salts, as, for instance, com- 
mon salt, sulphat of magnesia, and a variety of others. 

Sulphat of lime is very frequently met with in nature, and conrti- 
tutes the well known substance called/gy^^nm or plaster of vary 

SulpluU of magnesia, coBsmonly callW Epsom salt is another my 
bitter medicine, which is^btained from sea-water and from serer&I 
springs, or may be prepared by the direct combination of its ingre- 
oients^ 

W^Hiave formerly mentioned sulphat of ahtnune as constitatii^ 
the common aJum ; it is found in natuiSvchiefiy/m the nei^hborttood 
of volcanoesJand isj>asticularly usefulfin the arts, from its strong 
astringent ffualitiesJTlt is chiefly em^yed by dyers and calico- 
printers, to fix colors pcuid is used also in the manufacture of some 
kinds of leatherJ 

Sulphuric adm combines also with the metals. 

Caroline. One of these combinations, sulphat of iron, we are al- 
ready well acquainted with. 

Mrs. B. This is the most important metallic salt formed by sul- 
phuric acid, and ^e only one which we shall here notice. It is of 
great use in the arts; and in medicine it affords a very valuable 
tonic ; it is of this salt that most of those preparations called sted 
medicines are composed. 

Caroline. But does any carbon enter into these compositions to 
form steel ? 

Mrs. B. Not an atom ; they are, therefore, very improperly call- 
ed steel ; but it is the vulgar appellation, and medicsd men them- 
selves often comply with the general custom. 
^ Sulphat of iron may be prepared, as you have seen, by. dissolving 
iron in sulphuric acid : Ji)ut is generally obtained from/the natural 
production called Jyn7e5j)which bein^Et sulphuret of iron, requires 
only exposure to the atmosphere ]tooeN)xydated, in order to form 
the salt ; this, therefore, is much/the most easy way of procuring 
it on a lar^e scale. 

EmUy. I am surprised to find that both acids and bompound salts 
are generally obtained from their various combinations, rather than 
from the immediate union of their ingredients. 

Mrs. B. Were the simple bodies always at hand, their combina- 
tions would naturally be the most convenient method of forminj^ 
compounds : but you must consider that, in most instances, there is 
great difficulty and expense in obtainmg the simple ingredient from 

922. What is the signification of the word deliquescent? 

923. What substance is frequently found in nature, the same as 
■ulphatof lime? 

^24. From what is sulphat of magnesia obtained ? 

925. Where is the sulphat of alumine chiefly found ? 

926. For what purpose is it used ? 

927. From what is the«ulphat of iron obtained? 

928. How it sulphat of iron manufactured in the large way ' 



V, 



OP TUS SULPHATi. Slf 

their combinations ; it is, therefore, oflen more expedient to procora 
compounds from the decomposition of other compomids. But, to 
return to the Milphat of iron. There isB*certain vegetable acid call- 
ed gallic aay which has the remarkaote property of precipitating 
this salt bladK — I shall pour a few drops of the gallic acid into this 
•olution of sulphat of iron — 

Caroline. It is become as black as ink \ 

Mrs. B, And it is ink in reality. Common writing ink ii a pre- 
cipitate of sulphat of iron by gallic acid ; the black color is owing 
to the formation of soXLaX of iron, which being insoluble, remains 
suspended in the fluid. 

This acid has also the property of altering the color of iron in its 
metallic state. You may frequently see its effect on the blade of a 
knife, that has been used to cut certain kinds of firaits. 

Caroline. True; and that is, perhaps, the reason that a silver 
knife is preferred to cut fruits ; the gallic acid, I suppose, does not 
act upon silver. — Is tlus acid found in all fruits ? 

Mrs. B. It is contained, more or less, in the rind of most fruits 
and roots, especially the radish ^ which, if scraped with a steel or iron 
knife, has its deep red color changed into a deep purple, the knife 
being at the same time blackened. But t{ie vegetable substance 
in which the gallic acid most abounds, iQnutgall, a kind of ex- 
crescence that grows on oaksjiand from which the acid is commonly 
obtained for its various purposes. 

Mrs. B. We now come to -the phosphoric and phosphortji 
ACIDS. In treating of phosphorus, you have seen how these acids 
may be obtained from it by combustion. 

Emily. Yes ; but' I should be much surprised if it was the usual 
method of obtaining them, since it is so very difficult to procure 
phosphorus in its pure state. 

Mrs. B. You are right, my^ear ; the phosphoric acid, for gene- 
ral purposes, is extracted froit/bonesjin which it is contained in the 
state of phosphat of lime ; from4liis ^It the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the lime. 
In its pure state, phosphoric acid is either liquid or solid, according 
to its degree of concentration. 

Among the salts formed by this acid, phosphat of lime is the only 
one that alSbrds much interest ; andihis, we have always observed^ 
constitutes the basis of aU bones./ It is also found in very small 
quantities in some vegetablesj ^ 

1^. Uow may the sulphat of iron be turned black? 

930. Why is the knife turned black in cutting fruit? , 

931. In what vegetable substance does gallic acid mostly abound ? 

932. Where is the phosphat of lime found ? 

19 
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OP THK RIT&IC Aim CARBO!nC ACIDS; OR THE COHBllfATI05S 
OF OXTOEN WITH NITROOEN AND CARBON; AND OF TBI 
NITRAT8 AND CARBONATS. 

Mrs. B. I am almost afraid of introducing the sabiect of the m- 
TRic ACID, as I am sure that I shall be blamed by Caroline for not 
having made her acquainted with it before. 

CB^hne. Why so, Mrs. B. ? 

Mrs, B. Because you have long known its radical, which ii/ni- 
trogen, or azot^ and in treating of that element, I did not eVen 
hint that it wai^e basis of an acid. 

CkiroHne. And what could be your reason for not mentioning this 
acid sooner ? 

Mrs. B. I do not know whether you will think the reason snffi- 
oiently good to acquit :ne ; but the omission, I assure you, did not 
proceed from neg^ence. You may recoUect that nitrogen was one 
of the first simple bodies which we examined ; you were then igno- 
rant of the theory of combustion, which I believe was, for the first 
time, mentioned m that lesson ; and therefore it would haTe been 
in vain, at any time, to have attempted to explain the nature and 
formation of acids. 

Caroline. I wonder, however, that it never occurred to us to in- 
quire whether nitrogen could be acidified ; for, as we know it was 
classed among the combustible bodies, it was natural to suppose 
that it might produce an acid. 

Mrs. B. That is not a necessary consequence ; for it might com- 
bine with oxygen only in the degree requisite to form an oxyd. 
But you will find that nitrogen is susceptible of various degrees of 
oxygenation, some of which convert it merely into an oxyd, and 
others give it all the acid properties. 

The acids, resulting from the combination vof oxygen and nitro- 
[en, are called the jkiTRous and nitric acidy We w^ill begin with 

re nitric, in which^iitrogen is in the highest state of oxygenation, 
'his acid has so powerful an attraction for water that it has nevei 

}en obtained perfectly free from itj But water may be so strongly 
impregnated A\ith it as to form an exceedingly powerful acid solur 
tion. Here is a bottle of this acid, which you see is quite limpid. 

Ciiroftne. -What a strong offensive smell it has ! 

Mrs. B^ fThis acid contains a greater abundance of oxygen than 
any otherj but it retains it with very little force. ^ 

Emily. Then it must be a powerful caustic, both fT0in(the facility 
with which it parts with its oxygen, and the quantity which it affordn 

933. What is the radical of nitric acid ? 

934. What acids are formed by the combination of nitrogen and 
ozTjffen? 

9&. How does nitric acid naturally exist ? 

936. How does this compare with other acids as to the quantity of 
^47gen contained in it ? 

^- To wTiat is the great causticity of nitric acid owing ? 

S 
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Mrs, B, Very well, Emily ; both causes and efbcts are exactly 
such as you describe ; nitric acid bni^ns and destroys all kinds of 
organized matter. It even sets fire to some of the most combustible 
substances. We shall pour a little of it over ftiia piece of dry 
warm charcoal * — yqu see it inflames it immediately ; it would do 
the same with oil of turpentine, phosphorus, and several other very 
combustible bodies. This shows you how easily this acid is decom- 
posed by combustible bodies, since these effects must depend upon 
the absorption of its oxygen. 

Nitric acid has been used in the arts from time immemorial ; bat 
it is only within these twenty-five years, that its chemical nature haa 
been ascertainecl-. The celebratad Mr. Cavendish discoxered that 
it consisted of About 10 parts of nitrogen and 25 of oxygenJ|- These 
princi{>les, in nieir gaseous state, combine at a high teniperatu|« ; 
and this may be efifected by repeatedly passing the electncal spark 
through a mixture of the two gases. 

E/nily, The nitrogen and oxygen gase^, of which the atmosphere 
is composed, do not combme, rsuppose,(because their temperature 
is not sufficiently elevated^ 

Caroline, But in a thunoer storm, when the lig[htnin£^ repeatedly 
pajsses through them, may it not produce nitric acid ? We should be 
in a strange situation, if a violent storm should at once convert the 
atmosphere into nitric acid. ^ 

Mrs, B, Tliere is no danger of it, my dear ; the lightning can af- 
fect but a very small portion of the atmosphere ^and though it were 
occasionally to produce a little nitric, acid , it never could happen to 
such an extent as to be perceivable]S 

Emily. But how could the nitric acid be known, and used, before 
the ipethod of combining its constituent was discovered ? 

Mrs. B. Previous to that period, the nitric acid was obtained, 
and it is indeed still extracted, for the common purposes of art, 
&om the compound salt which it forms with the potash, commonly 
called nitre; 

Caroline. Why is it so called? Pray, Mrs. B., let these old un- 
meaning names be entirely given up, by us at least ; and let us call 
this salt nitrat of potash. 

* To inflame charcoal, a stronger acid than that sold at the shops 
U necessary. The experiment with oil, turpentine, and phospho- 
rus, succeeds, if about a sixth part of sulph. acid is added to the 
nitric acid. The experiment with the turpentine requires caution. 
The phial containing the acid must be tied to a stick, a yard or two 
long, the operator pouring it into a small quantity of the turpentine 
standing at a distance. — U. 

f The i)roport.ion stated by Sir H. Davy, in his Chemical Re- 
searches, is as 1 to 2,389. 

938. What is thp reason why nitric 9jci6. inflames charcoal, oil of tur- 
pentine, &c. ? 4'f»,</Hr c^-wrf-^/v /^^" ^'"^^"y ^^'^^- . 

939. What are the proportions of oxygen ana nitrogen in nitric 

940. What is the reason th^the oxygen and Nitrogen of whk.lL^a& 
atmosphere is compoBedf do not combine and form nitd^ ^ca.^'I 

9^ J, Why does not iightning produce this e\eva\ioti ot \fi\sv'<Qet«^3Q3»'^ 
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Mrs. B. With all my heart ; bat it is necessary that I shouTd, at 
feast, mention the old names, and more especially those which an 
yet in common use; otherwise, when you meet with them, yoo 
woold not be able to understand their meaning. 

^Ttify. And how is the acid obtained from this salt? 

Mrs, B^By the intervention of sulphuric acid, which oombines 
with the pbtash, and sets die nitric acid at liberty) This I can 
easily show you, by mixing some nitrat of potash anasulphurie add 
in this retort, and heating it over a lamp ; the nitric acid will come 
over in the form of vapor, which we shsdl collect in a g}^p bell. 
This acid diluted in water, is commonly called^^va fortt^j^ Ca^ 
oline will allow me to mention that name. 

Caroline. I have often heard that aqua fortis will dissolve almost 
all metals ; it is no doubt because it inelds its oxygen so easily. 

Mrs, B. Yes ; andjfrom this powerful solvent property, it derir- 
ed the name of aqua fortis, or strong waterT) Do you not recollect, 
that we oxy dated, and ailerwards dissolv^, some copper in this 
acid ? 

Emily, If I remember right, the nitrat of copper was the first in- 
stance you gave us of a compound salt? 

Caroline. Can the nitric acid be completely decompibsed and con- 
verted into nitrogen and oxygen ? 

Emily. That cannot be the case, Caroline ; since the acid can be 
decomposed only by the combination of its constituents with other 
bodies. 

Mrs. B, True ; but caloric is sufficient for this purpose. 

By making the acid pass through a red hot porcelain tube, it is 
decomposed; the nitrogen and oxygen regain the caloric which 
they had lost in combining, and are thus both restored to their gas- 
eous state. \ 

(^he nitric acid may also be partly decomposed) and is by this 
means converted into nitrous acid. -^ 

Caroline. This conversion must be easily effected, as the oxygen 
is so slightly combined with the nitrogen. 

Mrs. B. The partial decomposition of nitric acid is readily ef- 
fected by most metals ; but it is sufficient to expose the nitric acid 
to a very strong light to make it give out oxygen gas, and thus be 
converted into nitrous acid, frhis latter acid appears in various de- 
grees of strength, according to the proportions of nitrous acid gas 
and water of which it is composed \ the strongest is a yellow color, 
as vou see in this bottle. J 

Caroline. How it fumes when the stopper is taken out ! 

Mrs. B. The acid exists naturally in a gaseous state, and is here 
so strongly concentrated in water, that it is constantly escaping. 

Here is another bottle of nitrous acid, which, you see, is of an or- 
ange red ; this acid is weaker, that is, contains a smaller quantity of 
the ac^ gas; and with a still less proportion of the gas it is of an 

94S. How is nitric acid obtained from the nitrate of potash ? r • ^-^ 

943. What is the common name of nitric acid diluted in water? '^^* ' ' 

944. What is the propriety of the name aqusLfortif ? 

945. "How may nitric acid be decomposed P ^n 
946. How can nitrous acid be formed > 

947, How may the color of water \>e «fife<iVed Vj.^ VSwa ^oSfex^twV ^ 
tions ofnitrouB acid with which it Va comb\iied> 
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olive green color, as it appears in this third bottle. In short, the 
weaker the acid, the deeper is its color. 

Nitrous acid acts still more powerfully on some inflammahle sub- 
stances than the nitric. 

BhtUy. I am surprised at that, as it contains less oxygen. 

Mrs. B. But, en the other haud/it parts with its oxygen much 
more readily^ you may recollect niat we once inflamed oil with 
this acid. ^ 

The next combinations of nitrogen and oxygen form only oxyds 
of nitrogen, the first of which is commonly called nitrous air; or 
more properly nitric oxi/d gas.* This may be oblainedmom nitric 
acid, by exposing the latter to the action of metals^ias iirdissolving 
them it does not yield the whole of its oxygen, bufrretains a portion 
of this principle sufficient to convert it into this pepuliar ^as, a spe- 
cimen of which I have prepared, and preserved/with this inverted 
glass belljL k 

£^t/y."it is a perfectly invisible elastic fluid. 

Mrs. B. Yes; and it may be kept any length of time in this 
manner over water, as it is not, like the nitric and nitrous acids, 
absorbable by it. It is rather heavier than atmospherical air, and 
is incapable of supporting either combustion or respiration. I am 
going to incline the glass gently on one side, so as to let some of 
the gas escape — 

Ermh/m How very curious ! — ^It produces orange fumes like the 
nitrous acid ! that is the more extraordinary, as £e gas within the 
glass is perfectly invisible. 

Mrs. B. It would give me much pleasure if you could make out 
the reason of this curious change, without requiring any further 
explanation. 

Caroline. It seems, by the color and smell, as if it were converted 
into nitrous acid gas ; yet that cannot "be, unlessAt combines with 
more oxygen )i and how can it ^obtain oxygen tni^ very instant it 
escapes from jjhe glass ? 

Etnily. From the atmosphere, no doubt. Is it not so, Mrs. B.? 

Mrs. B. You have guessed it ; as soon as it comes in contact with 
the atmosphere, it absorbs from it the additional quantity of oxygen, 
necessary to convert it into nitrous acid gas. And, if I now remove 
the bottle entirely from the water, so as to bring at once the whole 
of the ffas in contact with the atmosphere, this conversion will ap- 
pear stm more striking. 

Emily. Look, Caroline, the whole capacity of the bottle is in- 
stantly tinged of an orange color ! 

Mrs. B. Thus you see, it is the most easy process imaginable to 

* To procure nitrous air, put into a retort some filings, or shav- 
ings of copper, on which pour nitric acid, diluted with four or five 
parts of water ; then apply the heat of a lamp, and receive the gas 
m the usual way, over water. — C. 

948. Why does not nitrous acid act more powerfully on some inflam- 
mable substances than nitric acid ? 

949. How can nitrous air, or nitric oxyd gas be obVoin^^ 

950. How can this gaa be preserved ? 

95L How CBO Dtfroaa oxyd gas be converted mlo mitoxx^ «kfi\^ ^^"^ 

19* 
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eonvert nitrous oxyd gas, into nitrous add ^as. \^e property of 
attracting oiagea from the atmosphere, without ahy elevatiooof 
temperature^as occasioned this gaseous oxyd being used as a test, 
fer aseertaining the de^e of purity of the 'atmorahere. I am 
going to show you how it is applied to this purpose.-^^You see this 
mduated glass tube which is closed at one end, (see fig. 30,) I 
first iUl it with water, and then introduce a certain measure of 
nitrous gas, which, not being absorbable by water, passes through 
it, and occupies the upper part of the tube. I must now add rather 
aboYO two thirds of oxygen gas, which will juM be sufficient to 
conyert the nitrous oxyd gas into nitrous acid gasy 

Caroline, So it has ! — ^I saw it turn of an or&ge color : but it 
immediately afterwards disappeared entirely, and the water, you 
see, has risen, and almost filled the tube. 

Mrs, B. That is because the acid gas is absorbable by water, 
and in proportion as the gas impregnates the water, the latter rises 
in the tube. When the oxygen gas is very piire, and the required 
proportion of nitrous oxyd gas very exact, the wliole is absorbed by 
the water ; but if any other gas be mixed with the oxygen, instead 
of combining with the nitrous oxygen, it will remain and occupy the 
upper part of the tube : or if the gases be not in the due proportion, 
there will be a residue of that which predominates. JBefore we 
leave this subject, I must not forget to remark that nitrous acid may 
be formed by dissolving nitrous oxyd gas in nitric acid. This solu- 
tion may be effected simply, by making bubbles of nitrouS oxyd 
gas pass through nitric acid. 

iSnily, That is to say that nitrogen at its highest degree of 
oxygenation, being mixed with nitrogen at its lowest degree of 
oxygenation, will produce a kind of intermediate substance, which 
is nitrous acid. 

Mrs. B. You have stated the fact with great precision. — ^There 
are various other methods of preparing nitrous oxyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter into 
these particulars. It lemains for me only to mention another curi- 
ous modification of oxWenated nitrogen, which has been distin- 
guished by the name oifgaseous oxyd of nitrogen\ It is but lately 
that this gas has been a^urately examined, and it^roperties have 
been investigated chiefly "bv^ir H. Davyi It has obtained also the 
name of exMlarating gas, {from the very singular property which 
that gentleman has discov^d in it, of elevating the animal spirits, 
when inhaled into the lungs, to a degree sometimes resembling 
delirium or intoxication^ 

Caroline, It is respirable, then ? 

Mrs, B. It can scarcely be called respirable, as it would not sup- 
port life for any length of time ; but it may be breathed for a few 
moments v^dthout any other effects, than the singular exhilaration of 
spirits I have just mentioned. It afiects different people, however, 
in a very different manner. Some become violent, even outrageous, 

952. On what principle can nitrous air be applied, to test the purity 
if the atmosphere ? 

953. What is the process ? 

S64, By what other name is the exhilajmUug ^g&a called ^ 
966, And why is it called exbiVaxa.tm^ ^ba) 

/ 
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Others experience a languor attended with faintness ; bat most agree 
111 opinion, that the sensations it excites are extremely pleasant. 

Caroline, 1 thoag^ht I should like to try it — ^how do you breathe it? 

Mrs. B. ^By collecting the gas in a ladder, to which a short tube 
with a stop-cock, is adapted ; this is applied to the mouth with one. 
band, whilst the nostrils'are kept closed with the other, in order 
that the common air may have no access^ You then alternately 
inspire and expire the gas till you perceivB its effects. But I can- 
not consent to your making the experiment ; for the nerves are 
sometimes unpleasantly affected by it, and I would not run any 
risk of that kind. 

JSmily. I should like, at least, to see somebody breathe it ; but 
pray by what means is this curious gas obtained ? 

Mrsi BfJi is procured from nitrat of ammonia^ an artificial salt, 
which yields this g^as on the application of a gentle heat^ I have 
put some of the salt into a retort, and by the aid of the lamp, the 
gas will be extracted. — 

Caroline. Bubbles of air begin to escape through the neck of the 
retort into the water apparatus ; will you not collect them ? 

Mrs. B. The gas that first comes over need not be preserved, as 
it consists of little mor^ than common air that was in the retort ; 

* To make nitrate of ammonia, take some nit];ic acid, or aqua 
fortis — dilute it with four or five quarts of water ; put it into a shal- 
low earthen dish, and throw in pieces of carbonate of ammonia, 
until the effervescence ceases. Evaporate about one third of the 
liquor by a gentle heat, and set it away to cr}rstallize. The crystals 
are long strained prisms. To procure the nitrous oxide or exhilara- 
ling gas, and to try its effect by respiration, the followinff simple 
apparatus may be used, where a better is not at hand. Put some 
nitrate of ammonia into an oil flask, having first fitted to it a cork, 
and glass tube, bent so as to go under the receiver in the water 
bath. Then apply the gentle heat of a lamp. 

For a receiver, fill a large ju^ with water, and invert it in the 
water bath ; having fitted to the jug a cork, having two holes made 
through it with a burning iron ; into one of these holes put a glass 
tube open at both ends, and nearly long enough to reach the bottom 
of the jug". Provide a large bladder furnished with a short tube tied 
to it. When the jug is nearly filled with the gas, remove and set it 
upright by passing the hand under its mouth— ^then put in the cork 
and tube, the other opening in the cork being closed. When you 
wish to breathe the ^as, take the stopper out of the cork, and pass 
in the tube attached to the bladder. Then by means of a small 
tunnel, pour water into the jug through the lon^ tube, until it drives 
out gas enough to fill the bladder. Mrs. B. describes the manner 
of breathing it. 

Caution. — ^Let the gas stand an hour or two over water before it 
is breathed. — C. 



956. How is this gas breathed ? 

957. How is this gas obtained ? 

968. When do chemical decompositions and combinaiitmB take p2ac€^ 
dwrif^r the formation of this gas from nitratt of ammonia? 
959. }fM catUum is necessary before it is InreotKedt 

5; 
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besides there is Blw^ys in this experiment, a quantity of watery 
vapor which must come away before the nitrous oxyd appears. 

JEmify. Walenr vapor ! W hence does that proceed ? There is no 
water in nitrat of ammonia ! 

Mrs, B. You must recollect that there is in every salt a quantity 
of water of crystallization which may be evaporated by heat alone. 
But, besides this, water is actually generated in this experiment, as 
you will see presently. First tell me, what are the constituent 
parts of nitrat of ammonia ? x 

Emiltf. /Xmmonia, and nitric acid\ this salt, therefore, contains 
three diffewnt elements, nitrogen and'hydrogen, which produce the 
ammonia; and oxygen, which, with nUrogen, forms Uie acid. 

Mrs. B. Well then, in this processhhe ammonia ii(decompQsed . 
the hydrogen quits the nitrogen to combine with som^of the oxy- 
gen of the nitric acid, and forms with it the watery vapor which 
is now coming over A When that is effected, w^hat will you expect 
to find ? '^ 

Einily. Nitrous acid instead of nitric acid, and nitrogen instead 
of ammonia. jr 

Mrs. B. Exactly so : and(the nitrous acid and nitrogen combm^ 
and form the gaseous oxyd of nitrogen, in which the proportion of^ 
oxygen is 37 parts to 63 of nitrogen. 

\ ou may have observed, that for a little while no bubbles of air 
have come over, and we have perceived only a stream of vapor 
condensing as it issued into the water. — ^Now bubbles of air again 
make their appearance, and I imagine that by tins time all the 
watery vapor is come away, and thaUwe may begin to collect the 
gas. We may try whether it is purep>y filling a pliial with it, and 
plunging a taper in it:y-yes, it will ao now, for the taper burns 
brighter than in the common air, and with a greenish flame. 

Caroline. But how is that ? I thought no gas would support com- 
bustion but oxygen or chlorine. 

Mrs. B. Or any gas that contains oxygen, and is ready to yield 
it, which is the case with this in a considerable degree ; it is not, 
therefore, surprising that it should accelerate the combustion of the 
taper. 

You see that the gas is now produced in great abundance ; we 
shall collect a large quantity of it, and I dare say that we shall find 
some of the family who will be curious to make the experiment of 
respiring it. Whilst this process is going on, we may take a gen- 
eral survey of the most important combinations of the nitric and 
nitrous acids with the alkalies. ^ 

The fiist-of these, is nitrat of potash, commonly calledfniVre, or 
sah-pctre.- 

Caroline. Is not that the salt with which gunpowder is made ? 

Mrs. B. Yes. Gunpowder is a mixture wnve parts of nitrat to 
one of sulphur and one of charcoal\— Nitre [irom its great propor- 

-— * Vr 1 

i)GO. What are constituent parts of nitrat of/ammonia? Avt>I,^ i^_. r^r. 
IK) I. What is the process of waking nitrous Oxide f 
962. How is the gaseous oxide of nitrogen formed ? 
iHjQ. How can it be determined when it is pure ? 
964. Wbfit IB the common name of ti\\x«.1 o( ^^VaaK' 
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tion of oxygen, and from the facility with which it yields it^ is the 
basis of the inost detonating compositions. 

Emily, But what is the cause of the violent detonation of gun 
powder when set on fire ? 

Mrs. B. Detonation may proceed fromtvo causes; the sudden 
formation or destruction of' an elastic fiuidf^ In the first case, "\^hen 
either a solid or liquid is instantaneously OThverted into an elastic 
fluid, the prodigious and sudden expansion of the body strikes the 
air with grcat^ violence, and this concussion produces the sound call- 
ed detonation^ 

Caroline. That I comprehend very well ; but how can a similar 
effect be produced by the destruction of a gas ? 

Mrs. B. A^gas can be destroyed only by condensing it to a liquid 
or solid state i when this takes place suddenly, the gas, in assuming 
a new and compact form, produces a vacuum, into which the sur- 
rounding air rushes with great impetuosity ; and it is by that rapid 
and violent motion that the sound is produced.^ In all detonations, 
therefore, gases are either suddenly formed w destroyed. In thjpit 
of gunpowder, can you tell me which of these two circumstances 
takes place ? 

Emily. As gunpowder is a solid, it must, of course, produce the 
gases in its detonation ; but how I cannot tell. 

Mrs. B. The constituents of gunpowder, when heated to a cei^ 
tain degree, enter into a pumber of new combinations, and are in- 
stantaneously converted into a variety of gases, the sudden explo- 
sion of which gives rise to the detonation ? 

"hroline. And in what instance does the destruction or condensar 
tion of gases produce detonation ? 

Mrs. B. I can give you one with which you are well acquainted ; 
the sudden combination of the oxygen and hydrogen gases. 

Caroline. True; I recollect perfectly that hydrogen detonates 
with oxygen when the two gases are converted into water. 

Mrs. B. BjU let us return to the nitrat of potash. This salt is 
decomposed ^hen exposed to heat, and mixed with any .combusti- 
ble bodv) such as carbon, sulphur, or metals, these substances oxy- 
dating ^pidly at the expense of the nitrat. I must show yuu an in- 
stance of this. I expose to the fire some of the salt in a small iron 
ladle, and when it is sufficiently heated, add to it some powdered 
charcoal : this will attract the oxygen from the salt, and be con- 
verted into carbonic acid. 

Emily. But what occasions that crackling noise, and those vivid 
flashes that accompany it ? 

Mrs. J?. The rapidity with which the carbonic acid gas is formed, 
occasions a succession of detonations, which, together with the 
emission of flame, is called deflagration. 

NitrtU of ammonia we have already noticed, on account of the 
gaseous oxyd of nitrogen which is obtained from it. 

966. Why is nitre the basis of most detonating compositions ? 

967. What is the cause of the detonation ofgunpowder, when fire 
19 set to it ? 

968. What caus(*s the detonation when a gas is destroyed ? 
961). In what instances does the destruction or coii^enkm^iow. c& 

producf* detoaaUon ? 
y70. When ia the nitrat. of potash decomposed f 
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Nitrat of silver ^18 the lunar caustic, so remarkable fi>r its de« 
stroying animal fibre, for which purpose it is often used by sot- 
geons!) We have said so much on former occasions, on the mode 
m which caustics act on animal matter, that I shall not detain you 
any longer on this subject. ^ 

We now come to ^arbonic AciDjwhich we have already had 
many opportunities of noticing. Yqjh v^llect that this acid may 
be formeaby the combustion of carbonJwhether in its imperfect 
state of cnarcoal, or in its purest form of diamond. And it is Dot 
necessary , fur this purpose, to burn the carbon in oxygen gas, as we 
did in the preceding lecture ; for you need onlji^ight a piece of 
charcoal, and suspend it under a receiver on the wMer batm . The 
charcoal will soon be extinguished, and the air in the reoeiver will 
be found mixed with carbonic acid. The process, however, is 
much more expeditious if the combustion be performed in pure oxy- 
gen gas. 

Caroline. But how can you separate the carbonic acid, obtained 
in this manner, from the air with which it is mixed? 

Mrs. B. The readiest mode is to introduce under the receiver a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonat. The alkali is found in- 
creased in weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was mixed with it. 

Emily. Pray, is there no method of obtaining pure carbon from 
carbonic icid ? 

Mrs. B. For a long time it was supposed that carbonic acid was 
not decompoundable ; but Mr. Tennant discovered, a few years ago, 
that this acid may be decomposedfoy burning phofmhorus in a closed 
vessel with carbonat of soda or carbonat of limeh the phosphorus 
absorbs the oxygen from the carbonat, whilst tiire carbon is separat- 
ed in the form of a black powder. This decomposition, however, 
is not affected simply by the atraction of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction of the 
alkali or lime for the phosphoric acid unites its power at the same 
time 

Caroline. Cannot we make the experiment ? 

Mrs. B. Not easily ; it requires being performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for me to attempt* it. But there 
can be no doubt of the accuracy of Mr. Tennant's results ; and all 
chemists now agree that one hunijred parts of carbonic acid gas 
consist of about twenty-eight parts 6f carbon to seventy-two of oxy- 
gen gas. But if you recollect, we decomposed carbonic acid gas, 
the other day, by burning potassium in it. 

Caroline. True ; so we did ; and found the carbon precipitated 
on the regenerated potash. 

Mrs. B. Carbonic acid gas is found very abundantly in nature r 
it is supposed to form ^out one thousandth part of the atmosphere; 

971. What is nitrat of silver? 

972. What gas is produced by the burning of charcoal in oxygen 
g^a ? 

973. How is carbonic acid formed? • 

974. And how can carbon be obV,a\aed ftom t^tVioxiv^ ^\^> cfcr" 
975. What portion of the atmospYvete does V>tia ^tia fetm> '^vT^ *j 
976, How ia the carbonic acid gaa in \iie «Xiac»^\i^t^ ^T^eL\«fe^> 
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and is constantly produoedfby the respiration of animals^ it exists 
in a great variety of combmations, and is exhaled from many natu* 
ral decompositions. It is contained in a state of cfreat purity in 
certain caves, such as the Grotto del Cane, near Naples. 

Emily. I recollect having read an account of that ^otto, and of 
the cruel experiments made on the poor dogs, to gratify the curios- 
ity of strangers. But I understood that the vapor exhaled by the 
cave was cdWe^fixed ait^ 

Mrs, B. That is the name by which carbonic acid was known 
before its chemical composition was discovered. This gas is more 
destructive of life than any other ; and if the poor animals that are 
submitted to its effects are not plunged into cold water as soon as 
they become senseless, they do not recover. It extinguishes flame 
instantaneously. I have collected some in this glass, which I will 
pour over the candle.* 

Caroline, This is extremely singular — it seems to extinguish the 
light as it were by enchantment, as the gas is invisible. I never 
should have imagined that gas could have been poured like a liquid. 

Mrs. B. It can be done with carbonic acid only, as no other gas 
JB sufficiently heavy to be susceptible of being poured out in the 
atmospherical air, without mixing with it. 

Emily. Pray by what means did you obtain this gas ? 

Mrs, B, I procured it/from marbla. Carbonic acid gas has so 
strong an attraction for all the alkalies and alkaline earths^ that 
these are always found in nature in the state of carbonats. /Com- 
bined with hme, this acid forms chalky which may be considCTed as 
the basis of all. kinds of marbles, and calcareous stones. From these 
substances carbonic acid is easily separated, as it adheres so slight- 
ly to its combinations, that the carbouats are all decomposable by 
any of the other acids. I can easily show you how I obtained thm 
ras ; I^oured some diluted sulphuric acid over pulverized marble 
m tliis^holtle, (the same which we used the other day to prepare 
hydrogen gas,) and the gas escaped through the tub^ connected 
with it I the operation still continues, as you may perceive — 

Enyly, Yes, it does ; there is a great fermentation in the glass 
vessel. What singular commotion is excited by the sul{ihuric acid 
taking possession of the lime, and driving out the carbonic acid ? 

Caroline. But did the carbonic acid exist in a gaseous state in 
the marble ? 

Mrs, B. Certainly not ; the acid, when in a state of combina- 
tion, is capable of existing in a solid form. 

Caroline. Whence, then, does it obtain the caloric necessary to 
convert it into gas ? 

* Merely pouring it over a candle wdll not extinguish it. Put a 
short piece of candle or taper, into the bottom of a deep tumbler, 
and then pour in the gas, and the flame goes out as quickly as 
though you poured in water. — C. 

St77. By what name was this kiiowQ before its chemical compoei- 
tiou was discovered ? 

U78. By what means is this eas procured for experiment ? 

fl79. Of what is chalk fonnea ? 

l^ What ia ibe baaia ofall kinds of marble and wlc;i.T«o\3a «ax«QSk^ 

sil. How joMf carbonic acid be obtained &om iDax\Ae^ 
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Mrs. B. It may be supplied in this cas^Tnom the mixture of tol 
phuric add and water, wtiich produces an^volution of heat, eren 
greater than is required for the purpose^ nnce as you may per- 
ceive by touching the glass yessel, a cof»iderable quantity of tlie 
caloric disengaged becomes sensible. But a supply of caloric may 
be obtained also from a diminution of capacity for neat, occasioned 
by the new combination which takes place; and, indeed, this must 
be the case when other acids are employed for tlie disengagement 
of carbonic acid gas, ^hich do not, like the sulphuric, produce heat 
on being mixed with water. Carbonic acid may likewise be dis- 
engaged from its combinations by heat alone, which restores it to 
its gaseous state. 

Caroline, It appears to me very extraordinary that the same gu 
which is produced by the burning of wood and. coal should exist 
also in such bodies as marble and chalk, which are incombustible 
substances. 

Mrs. B. I will not answer that objection, Caroline, because I 
think I can put you in the way of doing it yourself. Is carbonic 
acid combustible ? 

Caroline, Why, no— because it is a body which has been already 
burnt;* it is carbon only, and not the acid that is combustible. 
, Mrs, B. Well, and what inference do you draw from this? 

Caroline, That carboi^c acid ^annot render the bodies with which 
it is united combustible f^ut th^u^simple carbon does, and that it is 
in this elementary state tnat it exists m wood, coals, and a great va- 
riety of other combustible bodies. Indeed Mrs. B., you are very 
ungenerous ; you are not satisfied with convincing me that my ob> 
jections are frivolous, but you oblige me to prove them so myself. 

Mrs, B, You must confess, however, that I make ample amends 
for the detection of error, when I enable you to discover the truth. 
You understand, now, I hope, that carbonic acid is equally produced 
by the decomposition of chalk, or by the combustion 6t charcoal. 
These processes are certainly of a very diifferent nature Jm the first 
case, the acid is already formed, and requires nothing >3Qore than 
heat to restore it to its gaseous state ; whilst in the latter, the acid 
is actually made by the process of combustion, v 

Caroline, I understand it now, perfectly. Bift I have just been 
thinking of another difficulty, which I hope, you will excuse my 
not being able to remove myself. How does the unmense quantity 
of calcareous earth, which is spread all over the globe, obtain the 
carbonic acid with which it is combined ? 

Mrs, B, The question is, indeed, not very easy to answer ; but 1 

* Not burnt in the common acceptation of the word. The carbon ^ 
is already united to oxygen, and therefore has no affinity for it. In 
the artificial production of carbonic acid, the carbon is burnt. — C. 

— - - - - _ - — _ _ ^^ , — -^ 

982. Whence doe3 carbopic acid obtain the caloric necessary to ccm- 
vert it into gas ? '~\ . "'.* r . ;." ' '. g-i ;^ ,• . ..- ■ -.. J 

983. Will carbonicj' acid render a body combustible?". •" * • 

984. It might be thought that carbonic acid cduld not be obtained 
from substances so unlike as chalk and carbon— 4iow i^ this' objectioo 

answered? 
985. How do the procetses of obUamai 'cax\^XL\& «ksA ^s^m^^^ 
oompomtion of chalk, and the ootn\wi*Saoa c« Oa»xc((»^>««Kt\ 
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Ccmceive that the general carhonization of calcareous matter /&iay 
have been the effect of ^ general combustion* occasioned by spniQ 
revolution of our globe, jand producing an immense supply of car^ 
bonic acid, with which<4ne calcareous matter became impregnated ; 
or that this may have been effected by a gradual absorption of car- 
bonic acid from the atmosphere. But this would lead us to discus^ 
sions which we cannot indulge in, without deriating too much from 
our subject. 

Emily, How does it happen that we do not {>erceive the perni* 
dous e£^ts of the carbonic acid which is floating in the atmos' 
phere? . 

Mrs, B, vfi^ause of the state of the very great dilution in which 
it exists there ij But can you tell me, Emily, what are the sources 
which keep the atmo^here constantly supplied with this acid ? 

Emiiy. I supposeuhe combustion of wood, coals^ and other suh* 
stances that contain Carbon. 

Mrs, B, And also, the breath of animal^ 

Caroline. The breath of animals ? I thought you said that the 
gas was not at all respirable, but on the contrary, extremely poi** 
BOnous. 

Mrs, B* So it is ; but although animals cannot breathe in carbo' 
nic acid gas, yet in the process of respiration, they have the power 
of forming this gas in their lungs ; so that the air which we eivpire^ 
or reject from the lungs, always contains a certain proportion of 
carbonic acid, which is much greater than that which is commonly 
foQod in the atmosphere. 

Caroline, But what is it that renders carbonic acid such a deadly 
poison ? 

Mrs, B, The manner in which this gas destroys hfe /seems to 
be merely by preventing the access of respirable air 'y for carbonic 
acid gas, unless very much diluted with common air^does not pene- 
trate into the lungs, as the windpipe actually contracts and refuses 
it admittance* — But we must dismiss the subject at present, as we 
shall have an opportunity of speaking of respiration much more 
fully when we come to the chemical functions of animals. 

Emily, Is carbonic acid as destructive to the life of vegetables as 
it is to that of animals ? 

Mrs. ^. If a vegetable be.cpmpletely immersed in it, I believe 
it generally proves fatal to il/Mi|(^ in certain proportions with 
atmosoherical air, it is, on tKKtontrary, very favorable to vegeta- 
tion. } 

♦TWs idea is at random. We cannot account for the origin of 
carbonic acid in its native state, any better than we can for oxygen. 
w It cannot be the product of combustion, since it existed before the 
growth of combustible materials .-~C. 

966. How does marble and calcareoos earth obtain its great quantity 
of carbonic acid ? 

'067. Why do we not experience the pemicioos efiects of the carbonio 
acid in the atmosphere? 

968. How is the atmosphere supplied with this acid ? 

989. Why is carbonic acid gas destructive to ammsl Ufe? 

900. What efibct does it have on veiretaUon ? 

J- » 
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You remember, I suppose, our mentioning the mineral waten, 
both natural and artificiaj, which contain carbonic adid gas? 

Caroline. You mean the Seltxer water ? 

Mrs, B. That is one of those which are most used ; there aie, 
however, a yariety of others into which carbonic add enters as an 
ingredient ; a!i these waters are usually distinguished by the name 
o^acidukms or easeoiLS minertd waters^ 

The class of salts called /car&oTuzi^O ia/^the most numeroos in 
nature ; we must pass over tnem in a very^ursory manneir, as the 
subject ia. hx too extensive for us to enter on it in detail. The state 
of carbonM is the natural state of a vast number of minerals, and 
particularly of the alkalies and alkaline earthsl as they have so 
great an attraction for the carbonic acid, that niey are almost al^ 
ways found combined with it ; and you may recollect that it is only 
by separating* them from this acid, that they acquire causticity and 
those striking qualities which I have formerly described. All 
marbles, chalks, shells, calcareous spars, and limestones of every 
description, are neutral salts, in which Ume, theur oommon basis, 
has lost all its characteristic properties. 

Endhj, But if all these various substances are formed by the 
union of lime with carbonic acid, whence arises their diversity of 
form and anpearance ? 

Mrs, B. U^oth from the different proportions of their component 
parts, and m)m a variety of foreign, ingredients which may ooca* 
sionaliy be blpuded with them^ the veins and colors of marbles, 
for instance /proceed from a mixture of metallic substance^ silex 
and alumine also frequently enter into these combinations^ The 
various carbonats, therefore, which I have enumerated, cannot be 
considered as pure and unadulterated neutral salts, although they 
certainly belong to that class of bodies. 



CONVERSATION XIX. 

•5 TUE BORACIC, FLUOHIC, MURIATIC, AND OXYGENATED MURIATIC 
ACIDS ; AND ON MURIATS. — ON IODINE AND IODIC ACID. 

Mrs. B. We now come to the three remaining acids with simple 
bases, the compound nature of which, though long suspected, has 
been but recently proved. The chief of these is the muriatic: but 

'> 991. VV^hat are the waters called, into which this gas enteis as aa 
ingredient? 

992. What are the salts formed by the acid of this gas ? 

993. How extensive is this class of sails, and under what forms do 
ikey chiefly occur in nature ^ 

WA. If lime is the common basis of marbles, chalks, shells, calcare- 
ous spars, and limestones, why is there such a diversity in their form 
and appearance ? 

^^. From what do the veins and colors of marble proceed ? 
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1 shall first describe the two others, as their bases have been ob- 
tained more distinctly than that of the muriatic acid. 

You may recollect^I mentioned the boracic acid. This is 
found very sparingly^ some parts of Europe, but for the use of 
manufactiures we have always received it from the remote country 
of Thibetywhere it is found in some lakes, combined with soda. 
It is easily separated from the soda by sulphuric acid, and appears 
in the form of shining scales, as you see here. 

Caroline. I am glad to meet with an acid which we need not be 
afraid to touch ; for I perceive from your keeping it in a piece of 
paper, that it is more innocent than our late acquaintance, the sul- 
phuric and nitric acids. * 

Mrs. B. Certainly ; but being more inert, you will not find its 
properties so interesting. However, its decomposition, and the 
brilliant spectacle it ajBTords when its basis again unites with oxy- 
gen, atones for its want of other striking qualities. 

Sir H. Davy succeeded in decomposing the boracic acid, (which 
had till then, been considered as undecompoundable,) by various 
methods. On exnosing this acid to the Voltaic battery, the posi- 
tive wire gave ouo[oxyge^ and on the negative wire ms deposited 
/a black substance, m appearance resembung ^harcoaft This was 
The basis of the acid, which Sir H. Davy has called noracium or 
Boron. 

The same substance was obtained in more considerable quantities 
by exposing the acid to a great heat in an iron ^un barrel. 

A third method of decomposing the boracic acid consisted in burn- 
ing potassium in contact with it m vacuo; The potassium attracts 
the oxygen from the acid, and leaves its basis in a separate state. 

The recomposition of this acid I shall show you by burning some 
of its basis which you see here, in a retort full of oxygen gas. The 
heat of a candle is all that is required for this combustion. 

Ekrdl^. The light is astonishingly brilliant, and what beautiful 
sparks it throws out ! 

Mrs. B. The result of this combustion is the boracic acid, the 
nature of which, you see, is proved, both by analytic and synthetic 
means. Its basis has not, it is true, a metallic appearance ; but it 
makes very hard alloys with other metals. 

EmUy. iBut pray, Mrs. B. for what purpose is the boracic acid 
used in manufactures ? 

Mrs. B. Its principal use is in conjunction with soda, that is, in 
the state of horat of soda, which in the arts is commonly called 
borax. This salt has a peculiar power of dissolving metaUic oxyds, 
and of promoting the fusion of substances capable of being melted ; 
(ft is accordingly employed in various metallic arts; it is used, for 
elLample, to remove the oxyd from the surface of metals, and is often 
employed in the assaying of metallic oresy 

Cljet us now proceed to the fluoric acid. This acid is obtained 
firom a substance which is found frequently in mines, and partieu- 

9961 Where is the boracic acid obtained ? 
997. What is the composition of borax ? 
f}^. What is the basis of this acid ? 

999. I^dr what purpose is the boracic acid used id manu^tozet ? 
1000. From what is the fluoric acid obtained ? 



938 fxuosic Aoo. 

latly in those of Derbyshire) called fia»r^ a nanie which it ajoqaired 
^Tom the circumstance of its being uised to render the ores of metals 
more fluid when heatedy 

Caroline. Pray, is not this the Derbyshire spar, of which so many 
ornaments are made ? 

Mrs. B. The same ; bu^ though it has long been employed for a 
variety of purposes, its nature was unknown unJiLScheele the great 
Swedish chemist, discovered that it consisted (oviime united with i 
peculiar acid, which obtained the name oiflmhc add\ It is easily 
separated from the lime by the sulphuric acid, and onlMS condensed 
in water, ascends in the form of gas. A very peonliar property of 
this acid, is its union with siliceous earths, which I have akeady 
mentioned. If the distillation of this acid is performed in glaa 
ves8els,^ey are corroded, and the siliceous part of the glass oomefl 
over, um^d with the ga^; if water is then admitted, part of the 
silex is deposited, as you may observe in the jar. 

Caroline. I see white flakes forming on the surface of the water; 
is that silex ? 

Mrs. B. Yes, it is. This power of corr^ng c^ass has been used 
for engraving, or rather etching upon it. (The glsuss is first covered 
with a coat of wax, through which the figttres to be engraved are 
to be scratched with a pin ; then pouring the fluoric acid over the 
wax, it corrodes the glass where the scratches have been made.'^ 

Qtroline. 1 should like to have a bottle of this acid to mainr en- 
gravings.* 

Mrs. B. But you could not have it in a glass bottle ; for in that 
case, the acid would be' saturated with silex, and incapable of exe- 
cuting an engraving ; the same thing would happen were the add 
kept m a vessel of porcelain or earthen ware ; this aei^must there- 
fore be both prepared and preservedwi vessels of silver^ 

If it be distilled from fluor spar andVitriolic acid, in sijfver or lead- 
en vessels, the receiver being kept very cold during the distillatioo, 
it assumes the form of a dense fluid, and in that state is the most in- 
tensely corrosive substance known. This seems to be the acid com- 

♦ A bottle of fluoric acid is not easily obtained. To make etch- 
ings on glass, mrst cover the glass with a thin coat of bees wax.— 
This is done by^warniing it over a lamp, and passing the wax over 
the surface. Then make the drawing oy cuttmg through the wax, 
quite down to the glass. To do the etchioff in the small way, take 
a lead or tin cup, and on the bottom place a^ut a table spoonful of 
pulverized fluor spar, and on this pour sulphuric acid enough to 
moisten it — piace the glass on the cup as a cover, with the side to 
be etched downward — then set the cup in warm water, or warm the 
bottom over a lamp, takino- care not to melt the wax. In 15 or 20 
minutes or more, the etching will be done^ In this way, drawing* 
are easily and beautifully made on glass. — C. 

101)1. From what does it derive its name ? 

1002. By what other name is this acid called ? 

1003. Of what does it consist? 

10U4. What singular efiect does it have on glass? 

1005. flow cotild you deacnbe \]l[ie m«xhod o€ «tAhin([ on gk* ' 

1006. In what kind of vessels ma-y \X\« ^x»afcrj«^\ 
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bined with a little water. It may be called m/droftwonc acid^ and 
Sir H. Davy has been led, from late experiments on the subject, to 
consider pure fluoric acid as a compound of a certain unknown prin- 
ciple, which he csMsfliwrine, with hydrogen. 

Sir H. Davy has also attempted to decompose the fluoric add by 
burning potassium in contact with it ; but he has not yet been able 
by this or any other method, to obtain its basis in a distinct separate 
state. 

We shall conclude our account of the acids with that of the mu- 
riatic AciD^which is, perhaps, the most curious and interesting of 
all of them. C^i is found in nature combined with soda, lime, and 
magnesia^ Muriat of soda is the common sea salt ; and from this 
sufc^tance the acid is usually disengaged by m^ans of th^ sulphuric 
acid. The natural state of the muriatic acidns that of an invisible 
permanent gas, at the common temperature of the atmosphere^ but 
It has a remarkable strong attraction for water, and assumes the 
form of a whitish cloud whenever it meets any moisture to combine 
with. This acid is remarkable for its peculiar and very pungent 
smell, and possesses, in a powerful degree, most of the acid proper- 
ties. Here is a bottle containing muriatic acid in a liquid state. 

Caroline, And how is it liquefied ? y 

Mrs, B^By impregnating water with iA its strong attraction for 
water maK^s it very easy to obtain it in a Hquid form. . Now, if I 
open the vial, you may observe a kind of vapor rising from it, which 
is muriatic acid gas, of itself invisible, but made apparent by com- 
bining with the moisture of the atmosphere. 

Emily. Have you not any of the pure muriatic acid gas? 

Mrs. B. This jar is full of that acid in its gaseous state — ^it is 
inverted over mercury instead of water, because, being absorbable 
by water, this gas cannot be confined by it. — I shall now raise the 
jar a little on one side, and suffer some of the gas to escape. You 
see that it immediately becomes visible in the form of a cloud. 

Emily, It must be, no doubt, from its uniting with the moisture 
of the atmosphere, that it is converted into this dewy vapor. * 

Mrs, B, Certainly : and for the samejeason, that is to say,Qts 
extreme eagerness to unite with ^ater^l^is gas will cause snow to 
melt as rapidly as an intense fire/ 

This acid proved much more refractory, when Sir H. Davy at 
tempted to decompose it, than the other two undecomposed acids. 
It is singular that potassium will burn in muriatic acid, and be con- 
verted into potash, without decomposing the acid, and the result of 
Uiis combustion is a muriat of potash; tor the potash as soon as it is 
regenerated, combines with the muriatic acid. 

Qxroline, But how can the potash be regenerated if the muriatic 
acid does not oxydate ^e potassium ? 

Mrs, B, The potassium in this process, obtains oxygen from the 
moisture with which the muriatic acid is always combined, and, ac- 

1007. What did Sir H. Davy call this acid? 

1008. Where is muriatic acid found ? 

1009. What 18 the natural state ? 

1010. How is it liquefied ? 

1011. How can this ^as be confined withoat a meic\xAi\.>M9CEw> 
J013, What eSTect wUl muriatic gas have on ano^ "i 

1013 Wbj wUl it melt Bnow ? 

20* 
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eordinglj, h]rdrogen, resulting from the deeompoahiQa of the nwis^ 
tare, is invari&blv evolved. 

Emiiy. But why not make these experiments with dry mtuiatie 
acid ? 

Mrs. B, Dry acids cannot be acted on by the Voltaic boitteTTj^ 
cause acids are non-conductors of electricity, aniens moistenedj b 
the course of a number of experiments, whioh Sir H. Davy made 
upon acids in a state of dryness, he observed that the presence of 
water appeared always necessary to develops the acid properties, so 
that acids are not even capable of reddening vegetable bines if thej 
have been carefully deprived of moisture. This cenuirkable cir- 
cumstance led- him to suspect, that water, iustead of oxygen, maybe 
the acidifying principle ; but this he threw out rather as a €0Dje^ 
ture than as an established point. 

Sir H. Davy obtained very curious results from burning potaao- 
um in a mixture of phosphorus and muriatic acid, and also of sul- 
phur and muriatic acid ; the latter detonates with great violenee. 
All his experiments, however, failed in presenting to his view the 
basis of the muriatic acid, of which he was in search ; and he vss 
at last induced to form an opinion respecting the nature of this acid, 
which I shall presently explain. 

Emily, Is this acid susceptible of different degrees of oxygenation? 

Mrs, B, Yes ; for though it cannot be deoxygenated, yet we may 
add oxygen to it. 

Carohne. Why, then, is not the least degree of oxygenation of 
the acid called the muritous, and the higher degree the niuritie 
acid ? 

Mrs. B,^ Because, instead of becoming, like other acids, more 
dense, and more acid by an addition of oxygen, it is rendered, on the 
contrary, more volatile, more pungent, but less acid, and less ab- 
sorbable by water.'' These circumstances, therefore, seem to indi- 
cate the propriety of making an exception to the nomenclature. 
The hifi^hest degree of oxygenation of this acid has been distinguish- 
ed by the additional epithet of oxygenated, or, for the sake of brevi- 
ty, oTij, so that it is called oxygenated or oxy-muruUic acid. This 
likewise exists in a gaseous form, at the temperature of the atmos- 
phere ; it is also susceptible of being absorbed by water, and can be 
congealed, or solidified, by a certain degree of cold. 

Einily. And how do you obtain the oxy-muriatic acid ? 

Mrs, B. In various ways ; but it may be most conveniently ob- 
tained by distilling liquid muriatic acid over oxyd of manganese, 
which supplies the acid with the additional oxygen. One part of the 
acid being put into a retort, with two parts of the oxyd of manga- 
nese, and the heat of a lamp applied, the gas is soon dis^sngaged, and 

1014. Why cannot dry acids be acted on by the Voltaic battery? 

1015. What is the basis of muriatic acid ? 

1016. Is this acid capable of combining with different proportions of 
oxygen ? 

1017. Why is not the least degree of oxygenation called the man- 
tous acid? 

1018. What is the highest degree of cxy^nation of this acid caUed' 
1019. How is the oxy-muxuiUo a&id o\>\axtie^^ 
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may be received over water, as it is bat ^aringly absorbed by it. 
I have collected some in this jar — * 

CaroHne. It is not invisible, like the generality of gases ; for it it 
of a yellowish color. 

Mrs, B. The muriatic acid extinguishes flame, whilst, on the 
contrary, the oxy-mariatic makes the flame larger, and gives it a 
uark red color. Can you account for this difference io the two 
acids? 

Emily, Yes, I think so ; the muriatic acid will not supply the flame 
with the oxygen necessary for its support ; but when this acid is 
further oxygenated, it will part with its additional quantity of oxy- 
gen, and in this way support combustion .f 

Mrs, JB, This is exactly the case ; indeed the oxygen added to 
the muriatic acid, adheres so slightly to it, that it is separated by 
mere exposure to the sun's rays. This acid is decomposed also by 
combustible bodies, many of which it burns, and actually inflames, 
without any previous increase of temperature. 

Caroline, That is extraordinary, indeed ! I hope you mean to in- 
dulge us with some of these experiments ? 

Mrs, B, I have prepared several glass jars of oxy-muriatic acid 
gas fur that purpose. In the first, we shail introduce some Dutch 
gold leaf. — Do you observe that it takes fire ? 

Emily, Yes, indeed it does— how wonderful it is ! It became im- 
mediately red hot, but was soon' smothered in a thick vapor. 
Caroline, What a disagreeable smell ! 

Mrs, B. We shall try the same experiment with phosphorus m 
another jar of this acid. You had better keep your handkerchief to 
your nose when I open it — ^now let us drop into it this little piece of 
phosphorus — 

Caroline. It burns really ; and almost as brilliantly as in oxygen 
gas ! But what is most extraordinary, these combustions take place 
without the metal or phosphorus being previously lighted, oi even 
in the least heated. 

Mrs. B. All these curious effects are owing to the very great fa- 
eOity with which this acid yields oxygen to such bodies as are 
strongly disposed to combine with it. It appears extraordinary in- 
deed to see bodies, and metals in particular, melted down and in- 
flamed by a gas, Without any increase of temperature, either of the 
gas or of the combustible. The phenomenon, however, is, you see, 
well accounted for. 

Emily. Why did you bum a piece of Dutch gold leaf rather than 
a piece of any other metal ? 

Mrs, B, Because, in the first place, it is a composition of metals 

* Breathing ohly a few bubbles of the gaa is attended with bad-^ 
sometimes with dangerous consequences. The young chemists^ 
therefore, had better not undertake to make it. — C. 

f According to this new theory of chlorine, as will be explained 
at the end of this conversation, this combustion is efl^cted in con- 
sequence of the union of chlorine (or oxy-muriatic acid) with the 
hydrogen of the combustible body. 

1020. Why will the muriatic acid extinguish AAxsae^viXid. oiXTj-xonxv- 
atle acid make it larger, giving it a dark red ooVot \ 

1021, Why wUl some combustible bodies h\an *m \3mft Wivi V\>stfjw» 
mf preriouB inereate of temperature ? 
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(coiwisstin? chiefly of copper) which burns readily ; and I nse a thk 

in>*t:illK* \o-^t' ill prettTCiice to a lump of metal, b^ause it ofiern to 
tho uotioii of tlie ir^uf but a small quantity of matter under a laT^ 
surtiuv. FilinjLrs, or shavincrs, would answer the purpose nearly as 
wo 11 ; but a lump of metal, though the surface would oxydate with 
^reut nipiiUty, would not take fire. Pure gold is not inflamed bf 
oxy-iuunatic acid inis, but it is rapidly oxydated, and dissolved bj 
it ;' iii.li'o.l» this acid is tho »>nly one that will dissolve gx)ld. 

Knt'i/. This, I suppose, is what is commonly called a(/ua rtgia^ 
which you know is the only thing that will act upon gold. 

\lr», li. This is not exactly the case either ; tor aqua regia is 
nnu pivsxMl of u mixture of muriatic acid and nitric acid. But, ia 
fi<*t, the result of this mixture is the formation of oxy-mnriatie 
ai-il, us tho muriatic jurid oxygenates itself at the expense of the 
uttrir; ih is mix turo, therefore, though it bears the name of n/Zro- 
mun:!.'tc <'vi</, acts on gold merely in virtue of the oxy-muriatic acid 
wiiioii it voutaitis. 

Sulptuir, volatile oils, and many other substances, will burn in the 
KUUv' uuiniier iu oxy-muriatic acid gas; but I have not prepared a 
vutrtrietit quantity of it, to show combustion of all these bodies. 

Ori»."irtf*. There are several jars of the gas yet remaining. 

Mf\<. ti. Wo must reserve these for future experiments. The 
oxy-muriatic acid does not, like other acids, redden the blue vege- 
table colors ; but it totally destroys all color, and turns vegetables 
j>ortecily while. Let us collect some vegetable substances to pat 
mto this trhiss, which is full of gas. 

/-V/fi.y. Heri» is a sprig of myrtle — 

Ctir\iitnt\ And hoa* some colored paper — 

Mrs. a. We shall also put iu this piece of scarlet riband, and a 
n»si* — 

tMn/t/, Their colors lH>gin to fade immediately. But how does 
tlio gas prvuluiv this eliln^t ? 

Mrs, )i. The oxygen combines with the coloring matter of these 
substunws, and dostn>ys it ; that is to say, destroys the property 
which ihest» colors had of retleining only one kind of rays, and ren- 
ders them capable of retlecting liliem all, which, you know will 
make them app.^ar white. Old prints may be cleansed by this acid, 
tor the i)aper will be whitened w^ithout injury to the impression, as 
printer's ink is made of materials (oil and lamp black) which are 
not acted on by acids. 

This properly of the oxy-muriatic acid has lately been employed 
in manufactures in a variety of bleaching processes ; but for these 

Surposes, the gas must be dissolved in water, as the acid is thub ren- 
ered much milder and less powerful in its efiects ; for in a gaseous 

1022. By what acid ia gold oxydated and dissolved ? 
l(h!3. \Vhy does a mixture of nitric and muriatic acids jdissolve gold 
when neither of them will do it alone ? 

1024. What efl*ect does the oxy-muriatic acid have on vegetable 
colors ? 

1025. Why does it produce this effect ? 

1026. Why is it, that the paper of old prints may be cleansed by this 
Mcid, without any injury to the im^Tessvon? 

1027, Of what use is the oxy-muT\a.\Ac wsvd Viv ixaxl\iSqaVq3«»" 
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state, it would destroy the texture, as well as ^e color of the mb- 
vtance submitted to its action. ' 

Caroline. Look at the things which we put into the gas ; thwy 
have now entirely lost their color ! 

Mrs, B, The effect of the acid is alnoost completed ; and if we 
were to examine the quantity that remains, we should find it to 
consist chiefly of muriatic acid. 

The oxy^nuriatic acid has been used to purify the air in fever 
hospitals and prisons, as it btirns and destroys putrid effluvia of 
every kind. The infection of the. small-pox is likewise destroyed 
by this gas, and matter that has been submitted to its influence will 
no longer generate that disorder. 

Caroline. Indeed, I think the remedy must be nearly as bad as 
the disease ; the oxy-muriatic acid has such a dreadfully suffocating 
smell. 

Mrs\ B. It is certainly extremely offensive : but by keeping the 
mouth shut, and wetting the nostrils with liquid ammonia, in order 
to neutralize the vapor as it reaches the nose, its prejudicial e£^ts 
may be in some degree prevented. At any rate, however, this 
mode of disinfection can hardly be used in places that are inhabited. 
And as the vapor of nitric acid, which is scarcely less efficacious 
for this purpose, is not at all prejudicial, it is usually preferred on 
such occasions. 

Caroline, You have not told us yet what is Sir H. Davy's new 
opinion respecting the nature of muriatic acid to^ which you alluded 
a few minutes ago ? 

Mrs, B, True : I avoided noticing it then, hecause you could 
not have understood it without some previous knowledge of the 
oxy-muriatic acid, which I have but just introduced to your ac- 
quaintance. 

Sir H. Davy's idea is, that muriatic acid, instead of being a com- 
pound consisting of an unknown basis and oxygen, is formed by 
the union of oxy-muriatic gas with hydio^en. 

Emihf, Have you not told us just now that oxy-muriatic gas was 
itself a compound of muriatic acid and oxysen ? 

Mrs. B. Yes ; but according to Sir H. Davy's hypothesis, oxy- 
muriatic gas is considered as a simple body, which contains no oxy- 
gen — as a substance of its own kind, which has a ^reat analogy to 
oxygen in most of its properties, though in others it differs entirely 
from it. According to this view of the subject, the name of 02y- 
muriatic acid can no longer be proper, and therefore. Sir H. Davy 
has adopted that of chlorine or chlorine gas, a name which is simply 
expressive of its greenish cdor ; and in compliance with that phi- 
losopher's theory, we have placed chlorine in our table ajnong the 
simple bodies. 

Caroline, But what was Sir H. Davy's reason for adopting an 
opinion so contrary to that which had hitherto prevailed ? 

Mrs, B. There are many circumstances which are favorable- to 
tke new doctrine ; but the clearest and simplest fact in its support is, 
^^•—^ ■ • ■ 

1028. For what medicinal purpose has it been used ^ 
10^. How may the inconvenience of the oxy-inucia.\An^]d!iV)ft ^^^ 
Tented ? 
J030, Wbai doet Sir H. Davy suppose muna.\ic«j&\dL XoXseX 
1031. H%jri0ox7-muriaticicidUte\ycal\ie4cYiVotvn&^ 
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that if hj&rogen gas and oxj-mnriatie ns hn mixed together, bodi 
thene ^ases disappear, and muriatic acid gaa is formed. 

Emily. That seems to be a complete proof; is it not cmisideied 
as perfectly conclusive ? 

Mrs. B. Not 80 decLsive as it appeals at first si^ht ; because it is 
argued by those who still incline to the old doctrmOy that muziatiB 
^id gtis, however dry it may be, always contains a certain quantity 
of water, which is supposed essential to its formation. So that, in 
the experiment just mentioned, this water is supplied by the anioD 
of the hydrogen gas with the oxygen of theoxj-muriaticaeid; and 
therefore the mixture resolves itself into the base of muziatic add 
and water, that is, muriatic acid gas. 

Caroline. I think the old theory most be the tme one ; for othe^ 
wise how could you explain the formation of oxy-moriatic gas, from 
a mixture of muriatic acid and oxyd of manganese ? 

Mrs. B. Very easily ; you need only suppose that in this prooea 
the muriatic acid is decomposed ; its hydrogen unites with the oxy- 
gen of the manganese to form water and the chlorine appears in its 
separate state. 

Emily. But how can you explain the various combustions which 
take place in oxy-muriatic gas, if you consider it as containing no 
oxyo^en ? 

Mrs. B. We need only suppose that combustion is the resuh of 
intense chemical action ; * so that chlorine, like oxygen, in cont- 
binin^ with bodies, forms compounds which have less capacity for 
caloric than their constituent principles, and, therefore, caloric is 
evolved at the moment of their combination. 

Emily. If, then, we may explain every thing by either theory, to 
which of the two shall we give the preference ? 

Mrs. B. It will perhaps, be better to wait for more decisive 
proofs, if such can be obtained, before we decide positively upon 
the subject. The new doctrine has certainly gained g-round veiy 
rapidly, and may be considered as generally established ; bat a few 
competent judges will refuse their assent to it, and until that theoiy 
is established beyond all doubt, it may be as well for us still ooca- 
sionally to use the language to which chemists have long been 
accustomed. But let us proceed to the examination of salts formed 
by muriatic acid. 

Among the compound salts formed by muriatic acid the mm(A 
of s9da, or common salt, is the most interesting.! The uses and pio- 

* "Intense chemical action," neither explains the process, nor 
indeed conveys to the mind any definite idea. The views of Sir 
II. Davy on the composition of chlorine, are combatted by many 
of the first chemists in England, as well as in this country. The 
inquisitive reader may become acquainted with the grounds of dis- 
pute on botti sides by referring to Cooper's edition of Thompson's 
chemistry. — C. 

t According to Sir H. Davy's view of the nature of the muriatic 
and oxy-muriatic acids, dry muriat of soda is a compound of sodium 

1032« What are the reasons for supposing that chlorine is not a sim- 
ple anbat&nce ? 
1033. flow are the combuaUons \ii ox:5-m\H\«.VMi ^A «:^ai3as6^V^^ 
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J034. /f%a/i>*OMi on tfcestttject in the w»U? 



bellies of this salt are too well known to require moch comment. 
Besides the pleasant flavor it imparts to the food, it is very whole- 
some when not used to excess, as it assists in the process of digestion. 

Sea- water is the great source >&om which muriat of soda is ex- 
tracted by ev&poration. But it is also found in large solid masses 
in the bowels of the earth, in England, and in many other parts 
of the world. 

Emily. I thought that salts, when solid, were always in the state 
of crystals ; but the common table salt is in the form of a coarse 
white powder. 

Mrs. B. Crystallization depends as you may recollect, on the slow 
and regular re-union of particles dissolved in a fluid ; common sea- 
salt is only in a state of imperfect crystallization, because the process 
by which it is prepared is not favorable to the formation of regular 
cryvtals. But if you dissolve it, and afterwards evaporate the water 
slowly, you will obtain a regular crystalUzation. 

Muriat of ammonia is another, combination of this acid, which we 
have already mentioned as the principal source from which ammo- 
nia is derived. 

I can at once show you the formation of this salt by the immediate 
combination of muriatic acid with ammonia. These two glass jars 
contain, the one muriatic acid gas, the other ammoniacal gas, both 
of which are perfectly invisible — now, if I mix them together, you 
see they immediately form an opaque white cloud, like smoke. If 
a thermometer was placed in the jar in which these gases are mixed, 
you would perceive that some heat is at the same time produced. 

Emily. The effects of chemical combinations are, indeed, won- 
derful ! — How extraordinary it is that two invisible bodies should 
become visible by their union ! 

Mrs. B. This strikes you with astonishment, because it is a phe- 
nomenon which nature seldom exhibits to our view; but the most 
common of her operat'ons are as wonderful, and it is their fre- 
qaency only that prevents our regarding them with equal admira- 
tion. What would be more surprising, for instance, than combus- 
tion, were it not rendered familiar by custom ? 

Emily. That is true. But pray, Mrs. B., is this white cloud the 
salt that produces ammonia? How different it is from the solid 
muriat of ammonia which you once showed us ! 

Mrs. B. It is the same substance, which first appears in the state 
of vapor, but will soon be condensed by cooling against the sides 
of the jar, in the form of very minute crystals. 

We now proceed to the OTy-muriats. In this class of salts the cxy- 
muriat of potash* is the most worthy of our attention, for its striking* 

and chlorine, for it may be formed by the direct combination of oxy- 
muriatic gas and sodium. In his opinion, therefore, what we com- 
monly caU muriat of soda, contains neither soda nor muriatic acid. 

• CJxy-muriat of potash is prepared by passing chlorine through a 
eolation of potash in water. The process is long and difficult.— -C. 

J035. Where is the muriat of -soda obtained ? 

1036. On what does crystallization depend ? 

1037. Vfhyis common salt in a state of iraperfecl ci^feVAVYvia&OTi"* 
JOXi Of what 18 the muriat of ammonia a cumbVnatLOti'^ 

1C39. WJuU two gasea, when mixed, form lauxial ot amxiioxi^^ 
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often aasume. But if we heat them geDtljr by holding' the tube over 
the flame of a candle, see what a change takes place in them. 

Caroline. How curious ! They seem to melt, and the tube im- 
mediately fills with the beautiful violet vapor. But look, Bifs. B.t 
the same scales are now appearing at the other end of the tube. 

Mrs. B, This is, in fact, a sublimation of iodine, from one put 
of the tube, to another ; but with this remarkable peculiarity, tbai 
while in the gaseous state, iodine assumes that bright violet color, 
which as you may already perceive, it loses as the tube cools, and 
the substance resumes its usual solid form. It is from the violet 
color of the ffas that iodine has obtained its name. 

Caroline, out how is this curious substance obtained ? 

Mrs, B. It is found in the ley of ashes, of sea-weeds, after the 
soda has been separated by crystallization ; and it is disengaged by 
means of sulphuric acid, which expels it from the alkaline ley in 
the form of a violet gas, which may be collected and condensed in 
the way which you have just seen. This interesting discovery was 
made in the year 1812, by M. Courtios, a manufacturer of saltpeUe 
at Paris. 

Caroline, And pray, Mrs. B., what is the proof of iodine being 
a simple body ? 

Mrs, B, It is considered as a sin^ple body, both because it is not 
capable of being resolved into other ingredients ; and because it is 
itself capable of combining with other bodies, in a manner analo- 
gous to oxygen and chlorine. The most curious of these combiDaf 
tions is that which it forms with hydrogen gas, the result of which 
is a peculiar gaseous acid. 

Caroline, Just as chlorine and hydrogen gas form muriatic add. 
In this respect chlorine and iodine seem to bear a strong analogy to 
each other. 

Mrs. B. That is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must bs true 
also in regard to the other ; if erroneous in the one, the theory 
must fall in both. 

But it is now time to conclude ; we have examined such of the 
dcids and salts as I conceived would appear to you most interestiag' 
I shall not enter into any particulars respecting the metallic acids, 
as they offer nothing sufficiently striking for our present p'lrposc. 



CONVEnSATION XX. 

ON THE NATURE AND COMPOSITION OF VEGETABLES. 

Mrs. B. We have hitherto treated only of the simplest combi- 
nation of elements, such as alkalies, earths, acids, compound salts, 

1050. How can you show the violet colored gas ? 

1051. From what does iodine obtain its name } 
105'2. How is iodine obtained f 

1053. Why is iodine reckoned a simple body .' 

1054. In what resjpect do chlorine and iodine resemble eaeh other' 
i066. What are the timp\esl comYAua^Xoicia <s^ ^envm^ml 
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Mofies, &c. all of which belong to the. mineral kmgdom. It ia time 
now to tarn our attention to a more complicated class of compounds, 
tkat of ORGANIZED BODIES, which ^11 furnish us with a new 
source of instruction and amusement. 

Emily, By organized bodies, I suppose you mean the vegetable 
and animal creation ? I have, however, but a very vague idea of 
the word organization^ but I have often wished to know more pre- 
eisely what it means. 

Mrs. JB. Organized bodies are such as are endowed by nature 
with various parts, peculiarly constructed and adapted to perform 
certain functions connected with life. Thus, you may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction, and may appear to some to be, in a great 
measure, the productions of chance : whilst organized bodies bear 
the most striking and impressive marks of design, and are emi- 
nently distinguished by that unknown principle called life, from 
which the various organs derive the power of exercising their 
respective functions. 

CaroUne. But in what manner does life enable these organs to 
perform their several functions ? 

Mr^. B. That is a mystery which I fear is enveloped in such 
profound darkness, that there is very little hopes of our ever being 
able to unfold it. We must content ourselves with examining the 
effect of this principle ; as for the cause we have been able only to 
give it a name, without attaching any other meaning to it than the 
Tagne and unsatisfactory idea of an unknown agent. 

Caroline. And yet I think I can form a very clear idea of life. 

Mrs, B. Pray let me hear how you would define it ? 

Caroline, It is, perhaps, more easy to conceive, than to express — 
let me consider — Is not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
w^ich nature has assigned to them ? 

Mrs. B, I have nothing to object to your definition ; but you will 
allow me to observe, that you have only mentioned the effects which 
the unknown cause produces, without giving us any notion of the 
canse itself. 

Emily. Yes, Caroline, you have told us what life does, but yon 
have not told us what it t5. 

Mrs. B, We may study its operations ; but we should puzzle 
ourselves to no purpose by attempting to form an idea of its real 
nature. 

We shall begin with examining its effects in the vegetable world, 
which constitutes the simplest class of organized bodies ; these we 
shall find distinguished from the mineral creation, not only by their' 
more complicated nature, but by the power which they possess 
within themselves, of forming new chemical arrangements of their 
constituent parts, by means of appropriate organs. Thus, though 
all vegetables are ultimately composed of hydrogen, carbon, and. 

oxygen, (with a few other occasional ingredients,) they separate ana 

. ' » 

105(3. What are organised bodies ? 
U)iy7. How do they differ from inorganic matter? 
iC5>8. What IS life in its piwlosophical acceptation ? 
U)5j). What is the simplest class of organized bodlea? 
lOGO. Of nlrjt arc ffgrlabUis mcrsWy eompnaed^ 
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often aasume. But if we heat them geDtljr by holding the tobe met 
the flame of a candle, see what a change takes place in them. 

Caroline. How curious ! They seem to melt, and the tube im- 
mediately fills with the beautiful violet vapor. But look, Mrs. B.« 
the same scales are now appearing at the other end of the tube. 

Mrs. B, This is, in fact, a sublimation of iodine, from one part 
of the tube, to another ; but with this remarkable pecuharity, that 
while in the gaseous state, iodine assumes that bright violet color, 
which as you may already perceive, it loses as the tube cools, and 
the substance resumes its usual solid form. It is from the violet 
color of the gas that iodine has obtained its name. 

CaroHne, But how is this curious substance obtained ? 

Mrs, B. It is found in the ley of ashes, of sea-weeds, after the 
soda has been separated by crystallization ; and it is disengaged by 
means of sulphuric acid, which expels it from the alkaline ley in 
the form of a violet gas, which may be collected and condensed in 
the way which you have just seen. This interesting discovery was 
made in the year 1812, by M . Courtios, a manufacturer of saltpetre 
at Paris. 

Caroline, And pray, Mrs. B., what is the proof of iodine being 
a simple body ? 

Mrs, B, It is considered as a sin^ple body, both because it is not 
capable of being resolved into other ingredients ; and because it i> 
itself capable of combining with other bodies, in a manner analo- 
gous to oxygen and chlorine. The most curious of these combina- 
tions is that which it forms with hydrogen gas, the result of which 
is a peculiar gaseous acid. 

Caroline. Just as chlorine and hydrogen gas form muriatic add. 
In this respect chlorine and iodine seem to bear a strong analogy to 
each other. 

Mrs. B. That is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must be true 
also in regard to the other ; if erroneous in the one, the theory 
must fall in both. 

But it is now time to conclude ; we have examined such of tba 
dcids and salts as I conceived would appear to you most interesting. 
I shall not enter into any particulars respecting the metallic acids, 
as they offer nothing sufficiently striking for our present purpose. 



CONVEnSATION XX. 

05 THE NATURE AND COHPOSITIOIV OF VEeSTABI«XS. 

Mrs, B. We have hitherto treated only of the simplest combi- 
nation of elements, such as alkalies, earths, acids, compound salts, 

1050. How can you show the violet colored gas ? 

1051. From what does iodine obtain its name ? 

1052. How is iodine obtuned f 

1053. Why is iodine reckoned a simple body ? 

1054. In what respect do cUorins and io^ne tetemUe each oCbar' 
J066. What are the simplesl Cfom\Apititepa «C f^knoeBfkft) 
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Mones, &e. all of which belong to the. mineral kingdom. It is time 
now to tarn our attention to a more complicated class of compounds, 
tliat of ORGANIZED BODIES, which wiU. fumish us with a new 
source of instruction and amusement. 

Emily. By organized bodies, I suppose you mean the vegetable 
and animal creation ? I have, however, but a very vague idea of 
Uie word organization^ but I have often wished to know more pre- 
cisely what It means. 

Mrs. B. Organized bodies are such as are endowed by nature 
with various parts, peculiarly constructed and adapted to perform 
certain functions connected with life. Thus, you may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction, and may appear to some to be, in a great 
measure, the productions of chance : whilst organized bodies bear 
the most striking and impressive marks of design, and are emi- 
nently distinguished by that unknown principle called life, from 
which the various organs derive the power of exercising their 
respective functions. 

Caroline, But in what manner does life enable these organs to 
perform their several functions? 

Mrs. B. That is a mystery which I fear is enveloped in such 
profound darkness, that there is very little hopes of our ever being 
able to unfold it. We must content ourselves with examining the 
effect of this principle ; as for the cause we have been able omy to 
give it a name, without attaching any other meaning to it than the 
vague and unsatisfactory idea of an unknown agent. 

Caroline. And yet I think I can form a very clear idea of life. 

Mrs. B. Pray let me hear how you would define it ? 

Caroline. It is, perhaps, more easy to conceive, than to expresgh— 
let me consider — ^Is not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
w^ich nature has assigned to them ? 

Mrs. B. I have nothing to object to your definition ; but you will 
allow me to observe, that you have only mentioned the effects which 
the unknown cause produces, without giving us any notion of the 
cause itself. 

Emily. Yes, Caroline, you have told us what life rfoe», but you 
have not told us what iiis. 

Mrs. B. We may study its operations ; but we should puzzle 
ourselves to no purpose by attempting to form an idea of its real 
nature. 

We shall begin with examining its effects in the vegetable world, 
which constitutes the simplest class of organized bodies ; these we 
shall find distinguished from the mineral creation, not only by their' 
more complicated nature, but by the power which they possess 
within themselves, of forming new chemical arrangements of their 
constituent parts, by means of appropriate organs. Thus, though 
all vegetables are ultimately composed of hydrogen, carbon, and. 
oxygen, (with a few other occasional ingredients,) they separate ana 

Irf5{i, What are organised bcdiea ? 

10r)7. How do thty dlflcr from inorganic matter? 

IC58. What is life in its piwloeophical acceptation? 

|{)5!). What is the simplest clasa of organized bodies? 

lOGl). Of what arc ff\^ich\tts mostly c<»mpniPA^ 
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pTopertiAs. The acid, in this state of combinstiany contains « itill 
greater proportion of oxygen than when alone. 

Carohne, But how can the oxy-muriatic acid aoqnite an incresM 
of oxygen by combining with potash ? 

Mrs. B. It does not really acquire an additional quantity of 
oxygen, but it loses some of the muriatic acid, which piodaoesthe 
same effect, as the acid which remains is proportionaJblj super-oxy- 
genated. 

If this salt be mixed, and merely rubbed together with sulphur, 
phosphorus, charcoal, or indeed any other coniDustible, it ejquodiM 
strongly. ' 

Caroline. Lik» gun-powder, I suppose, it is suddenly converted 
into clastic fluids ? 

Mrs. B. Yes : but with this remarkable difference, that no ia 
crease of temperature, any further than is produced by gentle fiio- 
tion, is required in this instance. Can you tell me what gases aic 
generated by the detonation of this salt with charcoal ? 

Eniily. iJet me consider The oxy-mnriatic acid parts with 

its excess of oxygen to the charcoal, by which means it is converted 
mto muriatic acid gas ; whilst the charcoal, being burnt by the 
oxygen, is changed to carbonic acid gas. What oecomes of tbs 
potash I cannot tell. 

Mrs. B. That is a fixed product which remains in the vessel. 

Caroline. But since the potash does not enter into the new combi- 
nations, I do not understand what use it is in the operation. Would 
not the oxy-muriatic acid and the charcoal produce the same effect 
without it?* 

Mrs. B. No ; because chlorine (or oxy-muriatic acid) does not 
unite with charcoal, unless oxygen be added to it, and this oxygeo 
is supplied by the potash. 

I mean to show you this experiment, but I would advise you not 
to repeat it alone ; for if care be not taken to mix only very smaU 
quantities at a time, the detonation will be extremely violent, and 
may be attended with dangerous effects. You see I mix an exceed- 
ing small quantity of salt with a little powdered charcoal, in this 
w edgwood mortar, and rub them together with a pestle — 

Caroline. Heavens ! How can such a loud explosion be produced 
by so small a quantity of matter? 

Mrs. B. You must consider that an extremely small quantity of 
solid substance may produce a very great volume of gases ; and it 
is the sudden evolution of these which occasions the sound. 



* According to Sir H. Davy's new views, just explained, oxy* 
muriat of potash is a compound of chlorine with oxygen and oxyd 

of potassium. 

■ • ■ i ■ 

1040. What are the peculiar properties of oxy-murial of potash? 

104 1. Why will the oxy-muriat of potash explode if mixed and robbed 
together with sulphur, phosphorus, charcoal, or any other combofltiUe 
substance ? 

1042. What gases are generated by the detonation of this salt with 
charcoal .'' 

1043. Why would not the same effect \» -^xoduced by the oxy-mon- 
Mtio acid and charcoal withouXthe i^XaaYi^ 



OXT-MtTRlATS. Vt 

Ermhf. Would not oxy-muriat of potacAi make stronger gtm« 
powder than nitrat of potash ? 

Mrs, B: Yes ; but the preparation, as well as the use of this salt, 
18 attended with so much danger, that it is never employed- for that 
purpose. 

Caroline, There is no cause to regret it, I think ; for the com- 
mon gun-powder is quite sufficiently destructive. 

Mrs, B, I can show you a very curious experiment with this 
salt ; but it must again be on condition that you will never attempt 
to repeat it by yourselves. I throw a small piece of phosphorus 
into this glass of water : then a little oxy-muriat of potash ; and 
lastly, I pour in, (by means of this funnel, so as to bring it in con- 
tact with the two other ingredients at the bottom of the glass) a 
small quantity of sulphuric acid — 

Caroline, This is indeed a beautiful experiment! The phos- 
phorus takes fire and burns from the bottom of the water. 

JEmih/. How wonderful it is to see flame bursting out under 
water, and rising through it ! Pray, how is this accounted for ? 

Mrs. B. Cannot you find it out, Caroline ? 

Emily, Stop — I think I can explain it. Is it not because the 
sulphuric acid decomposes the salt by combining with the potash, 
so as to liberate the oxy-muriatic acid gas by which the phosphorus 
is set on fire ? 

Mrs. B. Very well, Emily ; and with a~ little more reflection you 
would have discovered another concurring circumstance, which is, 
that an increase of temperature is produced in the mixture of the 
sulphuric acid and water, which assists in promoting the combus- 
tion of the phosphorus. 

I must, before we part, introduce to your acquaintance the newly 
discovered substance, iodine, which you may recollect we placed 
DBXt to oxygen and chlorine in our table of simple bodies. 

Caroline. I& this also a body capable of maintaining combustion 
like oxygen and chlorine ? 

Mrs. B. It is ; and although it does not so generally disengage 
light and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them ; and sometimes, 
as in the instance of potassium and phosphorus, the combination is 
attended with an actual appearance of li^ht and heat. 

Caroline, But what sort of substance is iodine ? what is its form 
and color? 

Mrs, B. It is a very singular body in many respects. At the 
ordinary temperature of the atmosphere, it commonly appears in 
the form of bluish-black crystalline scales, such as you see in this 
tube. 

Caroline. They shine like blade lead, and some of the scales 
have the shape of lozenges. 

Mrs, B, That is actually the form which the crystals of iodine 

1044 From what may a stronger gun-powder, than that now used be 
made? 

]015. Why is it not used ? 

1046. How may phosphoras be set on fire in. watex? ^ 

1047. Whf is tiiise^ect produced? 

Z048i How docMJodine diSer from oxjgen mud da\ot\xA^ 
J0i9. JSowdaoMiodiaetppimx^ 
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often assume. But if we heat them geutljr by holding the tube over 
the flame of a candle, see what a change takes place in them. 

Caroline. How curious ! They seem to melt, and the tube im- 
mediately fills with the beautiful violet vapor. But look, Mrs. B.f 
the same scales are now appearing at the other end of the tube. 

Mrs» B» This is, in fact, a sublimation of iodine, from one part 
of the tube, to another ; but with this remarkable peculiarity, that 
while in the gaseous state, iodine assumes that bright violet color, 
which as you may already perceive, it loses as the tube cools, and 
the substance resumes its usual solid form. It is from the violet 
color of the gas that iodine has obtained its name. 

Caroline, out how is this curious substance obtained ? 

Mrs, B. It is found in the ley of ashes, of sea-weeds, after the 
soda has been separated by crystallization ; and it is disengaged by 
means of sulphuric acid, which expels it ft'om the alkaline ley in 
the form of a violet gas, which may be collected and condensed in 
the way which you have just seen. This interesting discovery was 
made in the year 1812, by M. Courtios, a manufacturer of saltpetre 
at Paris. 

Caroline, And pray, Mrs. B., what is the proof of iodine being 
a simple body ? 

Mrs, B. It is considered as a sin^ple body, both because it is not 
capable of bein^ resolved into other ingredients ; and because it is 
itself capable ot combining with other bodies, in a manner analo- 
gous to oxygen and chlorine. The most curious of these combina- 
tions is that which it forms with hydrogen gas,' the result of which 
is a peculiar gaseous acid. 

Caroline. Just as chlorine and hydrogen gas form muriatic add. 
In this respect chlorine and iodine seem to l^ar a strong anadogy to 
each other. 

Mrs. B. That is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must be true 
also in regard to the other ; if erroneous in the one, the theory 
must fall in both. 

But it is now time to conclude ; we have examined such of the 
dcids and salts as I conceived would appear to you most interesting. 
I shall not enter into any particulars respecting the metallic acids, 
as they offer nothing sufficiently striking for our present p'lrpose. 



CONVEnSATION XX. 

ON THE NATURE AND COMPOSITION OF VEGETABLES. 

Mrs. B, We have hitherto treated only of the simplest comhi- 
nation of elements, such as alkalies, earths, acids, compound salts, 

1050. How can you show the violet colored gas .' 

1051. From what does iodine obtain its name } 
105*2. How is iodine obtained? 

1053. Why is iodine reckoned a «\mp\e \k>^^ ">. 

1054. In what respect do chloiiiie wvd \od:vQft Te«ecs&&A ««i^ti^a»^ 
JC65. What are the wmplesl combinsAan* «« ^\wnKtiV^> 



or TKOETABLES. 939 

•tones, &c. all of which belong to the. mineral kingdom. It is time 
now to turn our attention to a more complicated class of compounds, 
that of ORGAirizED BODIES, whlch wlU fumish us with a new 
source of instruction and amusement. 

Emily. By organized bodies, I suppose you mean the vegetable 
and animal creation ? I have, however, but a very vague idea of 
the word or^anizalion, but I have often wished to know more pre- 
oisely what it means. 

Mrs. B. Organized bodies are such as are endowed by nature 
with various parts, peculiarly constructed and adapted to perform 
certain functions connected with life. Thus, you may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction, and may appear to some to be, in a great 
measure, the productions of chance : whilst organized bodies bear 
the most striking and impressive marks of design, and are emi- 
nently distinguished by that unknown principle called life, from 
which the various organs derive the power of exercising their 
respective functions. 

Caroline. But in what manner does life enable these organs to 
perform their several functions ? 

Mr^. B. That is a mystery which I fear is enveloped in such 
profound darkness, that there is very little hopes of our ever being 
able to unfold it. We must content ourselves with examining the 
effect of this principle ; as for the cause Ave have been able only to 
give it a name, without attaching any other meaning to it than the 
vague and unsatisfactory idea of an unknown agent. 

Caroline. And yet I think I can form a very clear idea of life. 

Mrs. B. Pray let me hear how you would define it ? 

Caroline. It is, perhaps, more easy to conceive, than to express^ 
let me consider — Is not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
which nature has assigned to them ? 

Mrs. B. I have nothing to object to your definition ; but you will 
allow me to observe, that you have only mentioned the effects which 
the unknown cause produces, without giving us any notion of the 
cause itself. 

Emily. Yes, Caroline, you have told us what life does^ but yoa 
have not told us what it is. 

Mrs. B. We may study its operations ; but we should puzzle 
ourselves to no purpose by attempting to form an idea of its real 
nature. 

We shall begin with examining its effects in the vegetable world, 

which constitutes the simplest class of organized bodies ; these we 

shall find distinguished from the mineral creation, not only by their 

more complicated nature, but by the power which they possess 

within themselves, of forming new chemical arrangements of their 

constituent parts, by means of appropriate organs. Thus, though 

all vegetables are ultimately composed of hydrogen, carbon, and. 

oxygen, (with a few other occasional ingredients,) they separate ana 
• ' ' 

ir^. What are organised bodies ? 

1<>57. How do they differ from inorganic matter? 

iOJ?8. What \a Yiff hi its pmJosophical acceplRlvoTv> 

li}5iK What is the simplfsi classj of grgamied bodvea^ 
1060. Of nlmt are rfgftabhti jno»tly c*>mposed? 
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oombioQ these principles, by their yarioas or^^s, in a tliousaiirf 
ways, and form, with them, different kinds of juices and solid parta^ 
which exist ready made in vegetables, and may therefore, be eofi- 
sidered as their immediate materials. 
These are, 

Sapy jResinSj 

Mucilage, Gum Resins, 

Sugar, Balsams, 

Fecula, Caoutchouc, 

Gluten, Extractive Coloring Matter, 

Fixed Oil, Tannin, 

Volatile Chi, Woody Fibre, 

Carnphor, Vegetable Acids, &c. 

Caroline, What a long list of names ! I did not suppose that a 
Teeetable was composed of half so many ingredients. 

Mrs. B. You must not imagine that everyone of these' materials 
is formed in each individual plant. I only mean to say, that they 
are all derived exclusively from the vegetable kingdom. 

Emily. But does each particular part of the plant, such as the 
root, the bark, the stem, the seeds, and leaves, consist of one of these 
ingredients only, or of several of them combined together?. 

Mrs. B. I believe there is no part of a plant which can be said to 
Qonsist solely of any one particular ingredient ; a certain number of 
vegetable materials must always be combined for the formation of 
any particular part, (of a seed mr instance,) and these combinatioos 
aio carried on by sets of vessels, or minute organs, which select 
from other parts, and bring together the several principles required 
for the developement and growth of those particular parts \vhich 
they are intended to form and to maintain. 

Emily. And are not these combinations always regulated by the 
laws of chemical attraction ? 

Mrs. B. No doubt ; the organs of plants cannot force principles 
to combine which have no attraction for each other : nor can tney 
compel superior attractions to yield to those of inferior power ; tbev 
probably act rather mechanically, by brinpring into contact such 
principles, and in such proportions, as will, by their chemical com- 
oination, form the various vegetable products. 

Caroline. We may then consider each of these organs as a curi- 
ously constructed apparatus, adapted for the performance of a variety 
of chemical processes. 

Mrs. B. Exactly so. As long as the plant lives and thrives, the 
carbon, hydrogen, and oxygen, (the chief constituents of its imme- 
diate materials,) are so balanced and connected together, that they 
are not susceptible of entering into other combinations; Jbut no 
sooner does cleath take place, than this state of equilibrium is de- 
stroyed and new combinations produced. 

106 1. What are the ingredients of vegefables? 

10G2. Is it to be supposed that all these ingredients exist in a single 
vegetable ? 

l()6d. And does any ve^table or any part of one consist solely of a 
single one of these ingredients ? 

1064. By what are the combinations in the vegetable kingdom regu* 

1065. How may the organs of plants be considered ? 
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Mmfy. Bat why Bhould death destroy it ? for these principles must 
remain in the same proportions, and consequently, I should suppose 
in the same order of attractions ? 

Mrs. B. You must remember, that in the veffetable, as well as ia 
the animal kingdom, it is by the principle of /«/? that the organs are 
enabled to act ; when deprived of that agent or stimulus, their power 
ceases, and an order of attractions succeeds, similar to that which 
would take place in mineral or unorganized matter. 

Emily. It is this order of attractions, I suppose, that destroys the 
organization of the plant after death ; for if the same combinations 
still continued to prevail, the plant would always remain in the state 
'n which it died. 

Mrs, B, And that, you know, is never the case ; plants may b« 
partially preservsd for some time after death, by drying ; but in the 
natural course :f events they all return to the state of simple ele- 
ments : a wise -and admirable dispensation of Providence, by which 
dead plants are rendered fit to enrich the soil, and become subser- 
vient to the nourishment of living vegetables. 

Caroline. But we are talking of the dissolution of plants, before 
we have examined them in their living state.. 

Mrs. B. That is true, my dear. But I wished to give you a gen- 
eral idea of the nature of vegetation, before we entered into par- 
ticulars. Besides, it is not so irrelevant as you suppose to talk of 
vegetables in their dead state, since we cannot analyze them with- 
out destroying life ; and it is only by hastening to submit them to 
examination, immediately after they have <;eased to live, that we 
.can anticipate tlieir natural decomposition. There, are two kinds 
of analysis of which vegetables are susceptible ; first, that which 
separates them into their immediate materials, such as sap, resin, 
mucilage, &c. ; secondly, that which decomposes them into their 
primitive elements, as carbon, hydrogen, and oxygen. 

Emily. Is there not a third kind of analysis of plants, which con- 
sists in separating their various parts, as the stem, the leavjes, and 
the severjd organs of the flower ? 

Mrs. B. That, my dear, is rather the department of the botanist; 
we shall consider these different parts of plants oiily, as the organs 
by which the various secietions or separations are performed ; but 
we must first examine the nature of these secretions. 

The sap is the principal material of vegetables, since it contains 
the ingredients that nourish every part of the plant. The basis of 
this juice, which the roots suck up &om the soil, is water ; this holds 
in solution the various other ingredients required by the several 
parts of the plant, which are gradually secreted from the sap by the 
difierent organs appropriated to that purpose, as it passes them in 
circulating through the ojant 

Macus or mucilage, ia(a vegetable substance, which, like all the 

1066. Why should death destroy vegetable combinations ? 

1067. What is an admirably wise dispensation of Providence in t« 
gard to the nature of plants ? 

1068. Of how many kinds of analysis are vegetables susceptible^ 

1069. What is the first? 

1070. What is the second ? 

1071. What iB^the principal material of vegeta\Ae«> 
t078 What ie the basis of this juice ? 
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othen is secreted from the sap^l; when in excess, it exudes from the 
trees, in the form of gum. ' 

Caroline. Is that the gum so frequent]/ used instead of paste or 
glae ? ) 

Afri. B. It is : almost a]I fruit trees yield some sort of gum, but 
that most commonly used in the arts is obtained fn)m a species of 
acacia -tree in Arabia, and is called §^tan arabic; 'it forms the chief 
nourishment of the natives of those parts, who obtain it in great 
quantities from incisions which they make in the treesn 

Caroline. I did not know that gum was eatable. 

Mrs. B. There is an account of a whole ship^ company bcmg 
saved from starving, by feeding on the cargo, wiiich was gum Sen- 
egal. I should not, however, imagine, that it would be either a 
pleasant, or a particularly eligible diet to those who have not, from 
their birth, been accustomed to it. It is, however, frequently taken 
medicinally, and considered as very nourishing. Several, kinds of 
vegetable acids may be obtained, by particular processes, from gum 
or mucilage, the principle of which is called the mucous add. 

Sugar is not found in its simple state in plants, but is always mix- 
ed with gum,, sap, or other ingredien>j|; this saccharine matteHsto 
be met witlv in every vegetable, but a/bounds most in roots, fruits, 
and particularly in the sugar cane^ 

linify. If all vegetables contain sugar, why is it extracted exclu- 
sively from the sugar-cane ? 

Mrs. Bi Because it is both most abundant in that plant, and 
most easily^ obtained from it. Besides, the sugars produced by oth- 
er vegetables differ a little in their nature. 

During the late troubles in the West Indies, when Europe was 
but imperfectly supplied with sugar, several attempts were made 
to extract it from other vegetables, and very good sugar is obtained 
from parsnips and from carrots ; but the process was too expensive 
to carry this enterprize to any extent. 

Caroline. I should think that sugar might be more easily obtain- 
ed from sweet fruits, such as figs, dates, &c. ' 

Mrs. B. Probably ; but it would be still more expensive, from 
the high price of those fruits, and it would not be exactly like com- 
mon sugar.* 

Emily. Pray, in what manner is sugar obtained from the sugar- 
cane? 



♦Some foreign chemists (MM. Kirkoff, Braconnot, &c.) have 
found that if starch be boiled for a long time in water containing 
one fortieth part of sulphuric acid, and evaporated down to a certain 
consistence, the solution of starch concretes, in coolin?, into a solid 
brownish mass, which has the taste and other general properties of 
sugar. During this process, no gas is disengaged, and the acid i» 
not decomposed. 
. — __ . I , 

1073. What is the mucilage of vegetables ^ 

1074. What uses are made of mucilage or gum ? 

1075. In what state does sugar naturally exist ? 

1076. In what does it mostly abound ? 

1077. If it is found in all vegetables, why is it extracted from sogsr 
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Mrs. B. f'The juice of this plant is first expressed by pabmng it 
between tw» cylinders of iron. It is then boiled with lime water, 
which nitikes a thick scum rise to the sur&ce. The clarified Uquor 
is let off below, and evaporated to a very small quantity, alter 
which it is suflfered to crjrstallize by standing in a vessel, the bottom 
of which is perforated vnth holes, that are imperfectly. stopped in 
order that the sjrup may drain off.) The sugar obtained by this 
process is a coarse, brown powder,' commonly called raw or moist 
sugar ; it undergoes another oper^ion to be refined and converted 
into loaf sugar. For this purpose it is dissolved jn water, and af- 
terwards purified by an animalfiuid-called albumen^ White.of eggs 
chiefly consists of this fluid, which is also one of the constituent parts 
of blood: and consequently eggs, or bullock*s blood, are commonly 
I «ed for this purpose. 

I'he albuminous fluid being diffused through the syrup, combines 
wii.i all the solid impurities contained in it, and rises with them to 
the surface, where it forms a thick scum ; the clear liquor is then 
again evaporated to a proper consistence, and poured into moulds 
in which, by a confused crystallization, it forms loaf sugar. But an 
additional process is required to whiten it : to this effect, the mould 
is inverted, and its open base is covered with clay, through which 
water is made to pass ; the water slowly trickling through the sugar, 
combines with and carries off the coloring matter. 

Caroline. I am very glad to hear that the blood that is used to 

Eurify sugar does not remain in it ; it would be a disgusting idea. 1 
ave heard of some improvements by the late Mr. Howard, in the 
process of refining su^. Pray what are they ? 

Mrs. B. It would be much too long to give you an account of the 
process in detail. But the principal improvement relatesto the mode 
of evaporating the syrup in order to bring it to the consistency of 
sugar, unstead of boiling the syrup in a large copper, over a strong 
fire, Mr .toward carries off the water by means of a large air pump, 
in a way similar to tl^at used in Mr. Leslie^s experiment for freezing 
water by evaporation^ that is, the syrup being exposed to a vacuum, 
the water evaporates 'quickly , with no greater heat than that of a lit- 
de steam, which is introduced round the boiler. The air pump is of 
course of lar^e dimensions, and is worked by a steam engine. A 
great saving is thus obtained and a striking instance afforded of the 
power of science in suggesting useful economical improvements. 

JEmify. And pray, how are sugar candy and barley sugar prepar- 
ed ? ..< 

Mrs. Br Candied sugar is nothing more than the regular crystals, 
obtained % slow evaporation firom a solution of su^ar. Barley- 
sugar is sugar melted by heat, and afterwards cooled m moulds of a 
spiral form^ 

- Sugar may be decomposed' by a red heat, and, like all other veg- 
etable substances, resolved into carbonic acid and hydrogen. V The 
formation and the decomposition of sugar, afford many very inter- - 
eating particulars, which we shall fully examine after having gone 

■ 

1078. In what manner is sugar obtained fi-om sugar-cane ? 

1079. How is sugar refined or converted into loaf sujgar? 

1080. What is Mr. Howard's improvement for refining sugar f 

1081. How is sugar candy and barley sugar prepared.^ 

106^ HewmajBugarb^decomposed, and whatiBthA^tod^fti* 
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through the other materials of vegetables. We shall find that there 
is reason to suppose that sugar is not like the othex materials, se- 
creted from the sap b^ appropriate organs ; but that it is formed bj 
a pecuUar process, with whicn you are not yet acquainted. 
Caroling Pi^y, is not honey of the same nature as sugar ?^ 
3fr^j8rHoney is a mixture of saccharine matter and £rum^ 
' Hm^. 1 thought that honey was in some measure an aninuvsub- 
stance^, ^ it is prepared by the bees. 

Mrs, B. It is rather collected by them from flowers, and cooTeyed 
to their store houses, the hives. It is therwax only that undergoes 
8 real alteration in the body of the bee, and is thence converted ioto 

an animal substance T 

Manna(is another'^d of sugar, which is united with a nauseou 
extractive matter, to which it owes its peculiar taste and color) It 
exudes like gum from various trees in hot climates, some of whkh 
have their leaves grazed by it. 

The next of the vegetable materials is fecula ; |ihis is the ffeneral 
name given to the fannaceous substance 4^outaiDod in all seeds, and 
in some roots, as the potatoe, parsnip, &cl) It is intended by oatare 
for the first aUment of the young vegetable ; but that of one partw- 
ular grain is become a favorite and most common food of a large 
part of mankind. 

Emity, You allude, I suppose, to bread, which is made of wheat 
flour ? 

Mrs, B, Yes ; the fecula of wheat contains also another vegeta 
ble substance which seems peculiar to that seed, or at least has not 
as yet been obtained from any other. This is gluten, whiclTis of a 
sticky, ropy, elastic naturej and it is supposed to be OAvingSo the 
viscous qualities of this siffistance, that wheat flour forms a much 
better paste than any other. 

EtnOy. Gluten by your description, must be very like gum ? 

Mrs. B. In their sticky nature, they certainly have some resem- 
blance : but ffluten is essentially different from gum in other points, 
and especially in its being insoluble in water, whilst gum, you 
know, IS extremely soluble,^ 

The oils contained in vegetables, a^ consist of hydrogen and car- 
bon in various proportions They are^^two kinds, fixed and vola- 
tile^ both of which we formerly mentioned. Do you remember in 
what the diff*erence between fiied and volatile oils consists ? 

Emihf, If 1 recollect rightl)iLthe former aje decomposed by heat, 
whilst the latter are merely vofeilized by itj 

♦ It was the opinion of Huber, that the bees prepared their wax 
from honey and sugar. There is, however, found on the leaves of 
some plants, a substance, having all the properties of wax ; and 
that bees-wax itself is not an animd substance, is clear from it* 
analysis.- '^ 



1083. Of what does honey consist? 

1084. What is said of the wax of bees P 
J085. What is manna ? 

1086. What is the fecuk of vegetables .> 

1087. What is gluten? 

J2§?' ^^^ <^ocs gluten differ from gum ? 

i2S' Srt-^^*' *^° vegetable oils consist? 

»»WU. What it the difi«renee between fu»d and xolatik qUs f 
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Mrs, B. Very well. Fixed oil is contained onlj\iii the seedB ^ 
plants, excepting in the olive, in which it is produced in, and esfr 
pressed from the fruit. We have already observed that seeds con- 
tain also fecula ; these two substances, united with % little mucilage, 
form the white substance contained in the seeds or kernels of plants, 
and is destined for the nourishment of the youn^ i>lant, to which the 
seed gives birth. The milk of almonds, which is expressed. fiN)m 
the seed of that name, is composed of those three substances. 

Emily. Pray, of what nature is the linseed oil which is used in 
painting ? / v 

Mrs. B. It is a fixed oil,yDbtained from the seed of fla:^ Nut 
oil, which is frequently used for the same purpose, is expressed 
from walnuts. 

Olive oil is that which is best adapted to culinary purposes. 

Caroline, And. what are the oils used for burning? 

Mrs. B. .Animal oils, most commonly ; but the preference given 
to them is owing to thefr being less expensive ; for vegetable oils 
burn equally well, and are more pleasant, as their smell is not 
'offensive: 

Emily. Since oil is so good a combustible, what is the reason 
that lamps so frequently require trimming ? 

Mrs. B. (This sometimes proceeds from the construction of the 
lamps, which may not be sufficiently favorable to a perfect com- 
bustion ; but there is certainly a defect in the nature of oil itself, 
which renders it ugcessary for the best constructed lamps to be oc- 
casionally trimmeS This defect arises from a portion of mucHage 
which it is extTreinely difficult to separate from the oil,, and which 
being a bad combustible, gathers round the wick, and thus impedes 
its combustion, and consequently dims the -light. 

Caroline. But will not oils burn without a wick ? 

Mrs. B. Not unless theii* temperature be elevated to five or six 
hundred degrees ; the wick answers this purpose, as I think I onoe 
before explained to you. ^he oil rises between the fibres of the 
cotton by capillary attraction, and the heat of the burning wick 
volatilizes it, and brings it successively to the temperature at which 
it is combustible.) 

Emily. I suppose the explanation which you have given with 
regard to the necessity of trimming lamps, applies also to candles, 
which so oflen require snuffing ? 

Mrs. B. I believe it does ; at lea?t in some degree. But besides 
the circumstances just expldned,/uie common sorts of oil are not 
very highly combustible, so that ihe heat produced by a candle, 
which IS a coarse kind of animal oil, being insufficient to volatilize 
them completely, a quantity of soot is gradually deposited on the 
wick, which dims the light, and retards the combustion." 

Caroline. Wax candles, then, contain no incombustible matter, 
since they do not require snuffing ? 

1091. From what part of plants are fixed oils obtained ? 
] 092. From what is linseed oil obtained ? 

1093. What oils are best for burninff ? 

1094. Since oil is a good combustible, what is the reason that lamps « 
require so frequent trimming ^ 

1095. What 18 the use of wicks in lamps ? 

J096. Why do caudles more than lamps leqmt© Xxvcamvn^^ 
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Mrs, S, Wax is a mach better combustible than tallow, bwt stfll 
not perfectly so, since it likewise contains some particles that am 
anfit for burning ; but when these gather round the wick, (which 
in a wax li^ht is comparatively sm:ul,) they weigh it down on one 
side, and fail off together with the burnt part of the wick. 

Caroline, As oils are such good combustibles, I wonder that thej 
should require so great an elevation of temperature before thejr 
begin to bum ? 

Mrs, B. Tliough fixed oils will not enter into actual combostioa. 
below the temperature of about four hundred degrees,* yet th«; 
will slowly absorb oxygen at the common temperature of the atmos- 
phere. Hence arises a variety of changes in oils which modify 
their properties in the arts. 

If oil simply absorbs and combines with oxygen, it thickens and 
changes to a kind of wax. This change is observed to take place 
on the external parts of certain vegetables, even during their life, 
but it happens in many instances that the oU does not retain all the 
oxyg'en which it attracts, but that part of it combines with, or burns 
the hydrogen of the oil, thus formui? a quantity of water, which 
gradually goes off by evaporation. In this case, the alteration of 
3ie oil consists not only in the addition of a certain quantity of 
oxygen, but in the diminution of the hydrogen. These oils aie 
distinguished by the name of drying oils. liuseed, poppy, and nut 
oils, are of this description. 

Emily. I am well acquainted with drying oils, as I continually 
use them in painting. But I do not understand why the acquisition 
of oxygen on one hand, and the loss of hydrogen on the other, 
should render them drying. 

Mrs, B. This, I conceive, may arise from two reasons : either 
from the oxygen which is added being less favorable to the state of 
fluidity than the hydrogen, which is subtracted ; or from this ad- 
ditional quantity of oxygen giving rise to new combinations, in 
consequence of which the most fluid parts of the oil axe liberated 
and volatilized. 

For the purpose of painting, the drying quantity of oil is further 
increased, by adding a quantity of oxyd of lead to it, by which 
means it b more rapidly oxygenated. 

The rancidity of oils is likewise owing to their oxygenation. In 
this case, a new order of attraction takes place, from which a pe- 
culiar acid is formed, called the sebacic acid. 

Caroline, Since the nature and composition of oil is so well known, 
pray, could not oil be actually made, by combining its principles.' 

* This statement is too low. None of the fixed oils boil at a less 
temperature than 600 degrees, nor will they burn until converted 
into vapor ; consequently they cannot bum at a lower temperature 
than 600.— C. 



1097. Why are wax better than tallow candles ? 

1098. What elevation of temperature is necessary in order to bom 
oil ? 

1099. What are the principal drying oils ? 

1100. Why will the oxyd of lead increase the drying quality of oils? 

1101. To what is the rancidity of oil owing ? 
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Mrs, B, That is by no means a necessary consequence ; for 
there are innumerable varieties of compound bodies which we can 
decompose, although we are unable to reunite their ingredients. 
This, however, is not the case with oil, as it has very lately been 
discovered that it is possible to form oil by a peculiar process, from 
•he action of oxygenated muriatic gas on hydro-carbonate.* 

We now pass to the volatile or essential oils. These form the 
basis of all the vegetable perfumes, and are contained, more or less, 
in every part of the plant excepting the seed ; they are, at least, 
never found in that part of the seed which contams the embryo 
plant. 

Emily. The smell of flowers, then, proceeds from volatile oil ? 

Mrs. B. Certainly; but this oil is often most abundant in the 
rind of fruits, as in oranges, lemons, &c., from which it maybe 
extracted by the slightest pressure ; it is found also in the leaves of 
plants, and even in the wood. 

Caroline. Is it not very plentiful in the leaves of mint, and of 
thyme, and all the sweet smelling herbs ? 

Mrs. B. Yes : remarkably so ; and in geranium leaves also, which 
have a much more powerful odor than the flowers. 

The perfumes of sandal fans is an instance of its existence in 
wood. In short, all vegetable odors or perfumes are produced by 
the evaporation of particles of these volatile oils. 

Emily. They are, I suppose, very light, and of very thin consis- 
tence, since thsy are volatile ? 

Mrs. B. They vary very much in this respect, some of them being 
as thick as butter, whilst others are as fluid as water. In order to 
be prepared for perfumes, or essences, these oils are first properly 
purified, and then, either distilled with spirit of wine, as is the case 
with lavender water, or simply mixed with a larjge proportion of 
water, as is often done with regard to peppermint. Irequently, 
also, these odoriferous waters are prepared merely by soaking the 
plants in water, and distilling. The water then comes over im- 
pregnated with the volatile oil. 

Caroline. Such waters are frequently used to take spots of grease 
out of cloth, or silk : how do they produce that eflTect. 

Mrs. B. B V combining with the substance that forms these stains ; 
for volatile oils, and likewise the spirit in which th^y are distilled, 
win dissolve wax, tallow, spermaceti, and resins ; if, therefore, the 

• Hydro-carbonate, is also called olefiant or oil making gas, on 
account of the supposed property here mentioned. But later ex- 
periments have shown that the substance it forms with chlorine, in 
not an oil, but a kind of ether, hence it is now known under the 
name of chloric ether. — C. 

1102. Is thete any known method of making oil by combining its 
principles ? 

1103. What forms the basis of vegetable perfumes ? 

1104. In what part of the plant are the volatile or etsentiB] oils con- 
tained i , 

1105. From what proceeds the smell of flowers? 

1 106. How are volatile oils obtained } 

1107. Vfhy will water mixed with ▼egeteibXe tXb ^siAaX \& t«iQ«#ai|^ 
tpota ofgreMge from ehth f 
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spot proceeds from any of those substances, it will remove iL 
Insects of every kind have a great aversion to perfumes, so fhk 
volatile oils are employed with success in museums for the presei* 
vation of stufied birds and other species of animals. 

Caroline. Pray, does not the powerful smell of camphor proceed 
from a volatile oil ? 

Mrs. B. Camphor seems to be a substance of its own kind, re- 
markable by many peculiarities. But if not exactly of the same 
nature as volatile oil, it is at least very analogous to it. It is 
obtained chiefly from the camphor tree, a species of laurel which 
grows in China, and in the Indian isles, from the stem and roots of 
which it is extracted.* Small quantities have also been distiDed 
from thyme, sage, and other aromatic plants ; and it is deposited 
in pretty large quantities by some volatile oils after long standmg. 
It IS extremely volatile and inflammable. It is insoluble in water, 
but is soluble in oils, in which state, as well as in its solid form, it is 
frequently applied to medicinal purposes. Amongst the particular 
pro|)erties of camphor, there is one too singular to be passed oxet 
m silence. If you take a small piece of camphor, and place it oo 
the surface of a basin of pure water, it will immediately begin to 
move round and round with great rapidity ; but if you pour into the 
basin a single drop of any odoriferous fluid, it will instantly put a 
stop to this motion. You can at any time try so simple an experi- 
ment ; but you must not expect that I shall be able to account foi 
the phenomenon, as nothing satisfactory has as yet been advanced 
for its explanation. 

Caroline. It is very singular indeed; and I- will certainly make 
the experiment. Pray, what are resins, which you just now men- 
tioned ? 

Mrs. B. They are volatile oils, that have been acted on, and 
peculiarly modified, by oxygen. 

Caroline. They are, therefore, oxygenated volatile oils ? 

Mrs. B. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in the combustion of a 
portion of its hydrogen, and a small portion of its carbon. For 
when resins are artificially made by the combination of volatile oils 
with oxygen, the vessel m wiiich the process is performed is be- 
dewed with water, and the air included within it is loaded wifli 
carbonic acid. 

Emily. This j)rocess must be, in some respects, similar to that 
for preparing drying oils ? 

Mrs. B. Yes ; and it is by this operation that both of them ac- 
quire a great degree of consistence. Pitch, tar, and turpentine, 
are the most common resins ; they exude from the pine and fir trees. 

* Camphor comes chiefly from Japan. It is obtained by distilling 
the wood of the laums camphora, or camphor tree, with water, is 
large iron pots, with earthen caps stufled with straw. The cani- 
phor sublimes and concretes upon the straw. — C. 

1108. From what is camphor obtained ? 

1109. Is camphor obtained in other plants ? - 

1110. What is the method of obtaitdng it f . 

1111. What remarkable peculiarity has camphor ' 

1112. IVhat an retina' 



06pal, mastie ar 1 frankiiiceiiBe, are also of this daaa of vegetabit 
•uhstaiieee. 

Unify. Js it of these .resins that the mastic and eopal Tanushes 
so much ased ia paiiitiiig are made ? 

JUlrs. B, Yes. Dissolved either in oQ or in alcohol, resins finrn 
varnishes. From these solutions they may be precipitated by wa- 
fer, in which they are insoluble. This I can easily show you. If 
you will pour some water into this glass of mastic Tarnish, it will 
combine with the alcohol in which the resin is dissolved, and the 
latter will be precipitated in the form of a white cloiui. 

Emibf. It is so. And yet how is it that pictures or drawings, 
varnished with this solution, may safely be washed with water ? 

Mrs. B, As the varnish dries, the alcohol evaporates, and the 
dry varnish or resin which remains, not being soluble in water, will 
not be acted on by it. 

There is a class of compound resins, called gum resins, which are 
precisely what their name denotes, that is to say, resins, combined 
with mucilage. Mjrrrh and assafoetida are of this description. 

Caroline, Is it possible that a substance of so disagreeable a 
sinell as assafoetida can be formed from a volatile oil ? 

Mrs, B, The odor of volatile oils is by no means always grateful. 
Onions and garlics derive their smell nrom volatile oils, as well as 
roses and lavender^ 

There is still another form under which volatile oils present them- 
selves, which is that of balsams. These consist of resinous iuioea 
combined with a peculiar acid, called the benzoic acid. Balsams 
ap|>ear to have been originally volatile oils,* the oxygenation of 
which, has converted one part into a resin, and the otner part into 
an acid, which combined together, form a balsam; such are the 
balsams of Peru, Tolu, &c. 

We shall now take leave of the oils and their various modifi- 
cations, and proceed to the next vegetable substance which is 
caoutcJiouc, This is a white, milky, glutinous fluid, which acquires 
consistence and blackens in drying, in which state it forms the 
substance with which you are so well acquainted, under the name 
of gum elastic. 

Caroline, I am surprised to hear that gum elastic was ever white, 
or ever fluid ! And from what vegetable is it procured ? 

Mrs. B. It is obtained from two or three difrcrent species of trees 
in tlie East Indies, and South America, by making incisions in the 
stem. The juice is collected as it trickles from these incisions, and 
moulds of clay, in the form of little bottles of gum elastic, are dipped 

* This is an erroneous idea. Balsams axe original and pecuhar 
substances, and consist chiefly of resinous matter in a semi-fluid 
state. The benzoic acid is most probably formed during the pro- 
cess by which it is obtained. — C. 

11 13. What are the most common resins ? 

11 14. Of what are mastic and copal vamisbes made .' 

1115. What will be the consequences if water be poured into a veaael 
containin£^ mastic varnbh ? 

1 1 16. What are gum resins ? 

1 117. What are balsams .' 

1118. From what is caoutchouc obtauied f 

1119. What are its uses ? 

22 
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into it. A layer of this juice adheres to the elay aod dries on H; 
and several layers are saccessively added by repeating this till the 
bottle is of sufficient thickness. It ia. then beaten to break down 
the clay which is easily shaken out. The natives of the conntriee 
where this substance is produced, aometimesmake shoes and boots 
of it by a similar process, and they are said to be extremely pleas- 
ant and serviceable, both from their elasticity, and their oeing 
water-proof. 

The substance which comes next in our enumeration of the ror 
mediate ingredients of vegetables, is extractroe matter. This is % 
term which, in a general sense, may be applied to any safaetaoce 
extracted from vegetables, but it is more particularly understood 
to relate to the extractive coloring matter of plants. A great vaiiety 
of colors are prepared from tl^ vegetable kingdom, both for the 
purposes of painting and of dying ; all the colors called kikes are 
of this description ; but they are less durable than mineral colors, 
for by long exposure to the atmosphere, they either darken or turn 
yellow. 

EsmHy. I know that in painting the lakes are reckoned &r less 
durable colors than the ochres ; but what is the reason of it ? 

Mrs, B. The change which takes place in vegetable colors is 
owing chiefly to the oxygen of the atmosphere slowly burning their 
hydrogen, and leaving in some measure, the blackness of the car- 
bon exposed. Such change cannot take place in ochre, whk^ is 
altoj^ether a mineral substance. 

'Vegetable colors have a stronger affinity for animal than ior 
vegetable substances ; and this is supposed to be owing to a small 
quantity of nitrogen, which they contain. Thus, silk and worsted, 
will take a much finer vegetable dye than linen and cotton. 

Caroline, Dying, then, is quite a chemical process ? 

Mrs. B, Undoubtedly. The condition required to form a good 
dye is, that the coloring matter should be precipitated, or fixed, on 
the substance to be dyed, and should form a compound not soluble 
iu the liquids to which it would probably be exposed. Thus, for 
inskince, printed or dyed linens or cottons must be able to resist 
the action of soap and water, to which they must necessarily be 
subject in washing ; and woollens and silks should withstand the 
action of grease and acids, to which they may accidentally be 
exposed. 

Caroline, But if linen and cotton have not a sufficient affinity for 
coloring matter, how are they made to resist the action of washing, 
which they always do when they are well printed ? 

Mrs, B, When the substance to be dyed has either no affinity 
for the coloring matter, or not sufficient power to retain it, the com- 
bination is efiected or strengthened, by the intervention of a third 
substance called a mordant or basis. The mordant most have a 

1 120. What is the extractive matter of vegetables ? 

J 121. What are the colors prepared from vegetables ? 

1122. To what is the change which takes place in veeeiable colois 

•WlOff? * 

llfi." Why have vegetable colors a stronger affinity for ftn^mul than 
t vegetable substances ? 

Iw' S**** " necessary that vegetable colors be durable » 
9f¥[>. WiMt are mordants and \&u \i»ea' 



OF VEOBTABLX8. 951 

9tbtoas affinity both for the- coloring matter and the aabstanoe djedf 
by which means it causes them to combine and adhere together. 

Qurakne. And what are the substances that perform the office of 
thus reconciling the two adverse parties ? 

MrM. B. The most' common mordant is sulphat of alnmine, or 
alum. Oxyds of tin and iron in the state of compound salts, aie 
likewise used for that purpose. 

Tannin is another vegetable ingredient of great importanoe in the 
arts. It is obtained chiefly from the bark of trees ; but it is firaiid 
also in nut galls, and in some other vegetables. 

Emibf. Is that the substance conmiomy called tan, which is used 
in hot-houses? 

Mrs. B. Tan is the prepared bark in which the peculiar sub- 
stance, tannin, is contained. But the use of tan in hot-houses is of 
much less importance than the operation of tanning, by which ddn 
is converted into leather. 

Eimbf, Pray, how is this operation performed ? 

Mrs. B. Various methods are employed for this purpose, which 
all consist in exposing skin to the action of tannin, or of substances 
containing this principle in sufficient quantities, and disposed to 
yield it to the skin. The most usual way is to infuse coanely 
powdered oak bark in water, and to keep the skin immersed in Uus 
infusion for a certain length of time. During this process, which 
is slow and gradual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacity and impermeability to 
water. This efiect may be much accelerated by using strong sato- 
xations of the tanning principle, (which can be extracted from bark) 
ini^ead of employing the bark itself. But tlus quick mode of pre- 
paration does not appear to make equally good leather. 

Tannin is contained in a great variety of astringent vegetable 
substances, as galls, the rose tree, and wme ; but it is nowfisre so 
plentiful as in bark. All these substances yield it to water, from 
which it. may be precipitated by a solution of isinglass or fflue, with 
which it strongly unites, and forms an insoluble compound. Henoe 
its valuable property of combining with skin (which consists chiefly 
of glue,) and of enabling it to resist the action of water. 

ijrmhf. Might we not see that efifect by pouring a little melted 
isinglass into a glass of wine, which you say contams tannin ? 

Mrs. B. Yes. I have prepared a solution of isinglass for that 
very purpose. Do you observe the thick, muddy precipitate ? That 
is tne tannin combined with the isinglass. 

Caroline. This precipitate must then be of the same nature as the 
leather ? 

Mrs, B. It is composed of the same ingredients; but the organi- 
zation and texture of the skin being wanting, it has neither the 
consistence nor the tenacity of the leather. 

1126. What substances are commonly nsed as mordants? 

1127. From what is tannin obtained.^ 
Il2d. What are its uses? 

1129. What is the process of converting skins into leather, by the 
nse of tanning ? 

1130. Why does tanning cause skins on being changed to leather, to 
be impervious to water ? 

1131. How does a solution of isinglass in water dadSst ftfsn^^Mflk 
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Caroline. One might sappose that men who drink large q«tnti- 
ties of red wine, stand a chance of having the coats of their Btonh 
achs converted into leather, since tannin has so strong an affinity 
for skin. 

Mrs, B. It is not impossible but that the coats of their stomachs 
may be, in some measure, tanned or hardened by the constant use 
of this liquor ; but you must remember that where a number of 
other chomical agents are concerned, and above all, where life ex- 
ists, no certain chemical inference can be drawn. 

I must not dismiss this subject, without mentioning a recent dis- 
covery of Mr. Hatchett, which relates to it. This gentleman found 
that a substance very similar to tannin, possessing all its leading 
properties, and actually capable of tanning leather, may be produ- 
ced by exposing carbon, or any substance containing carbonaoeom 
matter, whether vegetable, anunal, or mineral, to the acUon of ni- 
tric acid.* 

Caroline, And is not this discovery likely to be of use to manih 
factures ? 

Mrs. B. That is very doubtful, because tannin thus artificiallf 
prepared, must probably always be more expensive than thatwhidi 
IS oDtained from bark. But the fact is extremely curious, as it af 
fords one of those very rare instances of chemistry being able to 
imitate the proximate principles of organized bodies. 

The last of the vegetable materials is tooody fibre — ^it is the hard- 
est part of plants. The chief source from which this substance is 
derived, is wood, but it is also contained, more or less, in every solid 
part of the plant. It forms a kind of skeleton of the part to which 
It belongs, and retains its shape afler all the other materials haTC 
disappeared. It consists chiefly of carbon united with a small po^ 
tion of salts, and the other constituents common to all vegetables. 

Emily. It is of woody fibre, then, that the common chaicoil is 
made ? 

Mrs. B. Yes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all its evaporable parts. 

, Before we take leave of the vegetable materials, it virill be proper 
at least to enumerate the several vegetable acids which we eitoer 
have had or may have occasion to mention. I believe I formerly 
told you that their basis or radicle, was uniformly composed by hy- 
drogen and carbon, and that their difference consisted only in the 
various proportions of oxygen, which they contained. 

* To make artificial tannin, Mr. Hatchett used 100 grains of cha^ 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then suffered to digest lor two days; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its 
taste is bitter, and highly astringent: — C. 

* 1132. What discovery was made by Mr. Hatchett ? 

1133. lioio did he prepare art^ieial tannin f 

1134. What is wood;r fibre ? 

1135. Of what does it chiefly consist ? 

1136. From whal is chaxcoid mado ^ 
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from loDOB juoe ; 
from MHTel; 



The foUowia; aie the 

The Aftfows ooi^, obtained from 

Benzokf . 

curie, 

OxaUcj 

Succinic, 

TartarouSj " from taitrit of potaah ; 

Acetic, ** bam liiiegar. 

They are all deeompoeable byheat, aoliibfe in water, and tun ttf- 
etable blue colors red. The succinic, the tartaraus, and the aeeUmM 
odds, are the prodnctiona of the deeompoeitHm of TegetaUea ; we 
shall, therefore, reserve their examination for a fbtoie period. 

The iucaUc aad, distilled from aonel, is the higheat term of vege- 
table actdificatton ; for, if more oxj^en be added to it, it loaea its 
vegetable nature, and is resolved into carbonic ^eid and water ; 
therefore, thoa^h all the other adds may be co n ver t ed into the ox- 
alic by an addition of oxygen, the oxalic itadf is not snsoeptible of 
a furUier degree of oxygenation ; nor can it be made by any chem- 
ical processes, to return to a state of lower acidification.* 

To. conclude this subject, I have only to add a few words on the 
^aUic add, 

Caroline. Is not this the same acid before mentioned which (brma 
ink, by precipitating sulphat of iron from its solution ? 

Mrs, B. Yes. Though it is usually extracted from galls, on ao- 
sount of its being most abundant in that vegetable substance^ it 
[nay also be obtained from a great variety of (Santa. It constitotea' 
what is called the astringent ftrinciple of vegetEd)les ; it is senerallj 
combined with tannin, and you will find that an infusion of tea, cof- 
fee, bark, red wine, or any vegetable substance that contains the 
latringent principle, will make a black precipitate with a solution ' 
»f sulphat of iron. 

Caroline, But pray what are galls ? 

Mrs, B, They are excrescences which grow on the bark of young 

* OjooUc acid may be formed artificially. Put one ounce of white 
Bup^, powdered, into a retort, and pour on three ounces of nitric 
acid. When the solution is over, make the liquor bdB, and when it 
eux}uires a reddish brown color, add three ounces more of nitric 
acid. Ck>ntinue the boiling until the fumes cease, and the color of 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on cpohng, white slender crystals will be formed. These 
are oxalic acid. — C. 



1137. What are the names of the vegetable acids .^ 

] 138. What is the composition of the basis of these acids .' 

1139. What general quality have all vegeUble acids ? 

1140. What w the highest term of vegeUble acidification? 

1141. What acid U caUed the astringent principle of vegetables^ 

1142. From what is it usually extracted ? 

1143. What are the galls that yield this acid > 
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oaks, and are oooaaumed by an imect wlddi wn— <■ tka tok d 
treea, and lays its egg in the apeitme. Hie lacentad ^endi of die 
tree then discharge their contents, and fimn an excreaeeBee, wtidi 
i^ords a defensive covering for these eggs. Hie inaeeC, wiwo coob 
to life, first feeds on this exereseenoe, and iMwm liii aHenrardi 
eats its way ont, as it appears from a hole whii^ is fenned in afl gall- 
nuts that no lon^r contain an insect. It is in liot riimalrfi only 
that strongly astringent gall«nuts are found ; those whieii aie osed 
for the purpose of making ink are hiongfat finom Ale^io. 

Emity. But are not the oak apples which grow am the leates of 
the oak in this country of a simihaur natme ? 

Mrs. B. Yes ; only they are an inferior species of galW, eo^uii- 
ing less of the astringent principle, and therefore leas af^fieiUe to 
UMful purposes. 

Caroline. Are the vegetable acids never found bnt in their pore 
uncombined state ? 

Mrs, B. By no means ; on the oontraiy, they aie frequently met 
with in the state of compound salts ; these, however, are in general 
not fully saturated with the salifiable bases, so that the acid predom- 
inates ; and in this state they are caUed adduioMs salts. (X this 
kind is the salt called cream of tartar. 

Caroline. Is not the salt of lembn, commonly used to take out iik 
spots and stains, of this nature ? 

Mrs. B. No ; that salt consists of oxalic aeid combined with t 
little potash. It is found in that state in sorrel. 

Cardline, And pray how does it take out ink spots ? 

Mrs. B. By uniting with the iron, and rendering it soloble ia 
water. 

Besides the vegetable materials which we have ennmerated, s 
variety of other substances, common tc the three kingdoms, ue 
found in vegetables, such as potash, which was formerly supposed 
to belong exclusively to plants, and was, in consequence, called 
vegetable alkali. 

Sulphur, phosphorus, earths, and a variety of metallic oxyds, ue 
also found in vegetables, but only in small quantities. And we 
meet sometimes with neutral salts, formed by the combination of 
these ingredients. 



CONVERSATION XXI. 

OF THE DECOMPOSITION OF VEGETABLES. 

Caroline. The account which you have given us, Mrs. B., of Uie 
materials of vegetables, is, doubtless, very instructive; but it does 

1144. In what climates are strongly astringent ffall-nuta fouid ? 

1145. Are the vegetable aoids never found but m their pure uneom 
hined state ? 

1146. How does the oxalic acid remove ink spots .^ 

1147. What substaneeB common to the three kinirdoms are found in 
vegetables ? 
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not oomi^tdy satisfy my emiosity. I wish to know how pknls 
obtain the principles from which their tsooiw materisk are fimned ; 
by what means these are comnerted into YegetaUe natter, and how 
they are connected with the life of the plant. 

ifm. B. This implies nothing else than a complete histoiy of the 
chemistry and physiology of Tegetation, sobjects oo which we have 
yet but very impcorfect notions. £till I hope that I riiaD be able in 
some measure, to satisfy yoor cariosity. jBot, in <nder to render 
the subject more intelligitue, I most fiist make yon acquainted with 
the vanons changes which Tegetables nndergo, when the vital power 
no longer enables them to resist the common laws of diemical at- 
traction. 

The composition of vegetables being more complicated than that 
of minerals, the former more readily ondergo chemical changes 
than the latter; for. the greater the variety of attractions, the move 
easily is the equilibrium destroyed, and a new order of combina- 
tions introduced. 

JEmUy, I am surprised that vegetables should be so easily suscep- 
tible of decomposition ; for the preservation of the vegetable kingdom 
is certainly far more important than that of mineralB. 

Mrs, B, You must consider, on the other hand, how much more 
easily the former is renewed than the Utter. The decomposition 
of the vegetable takes place only after the death of the plant, which, 
in the common course of nature, happens when it has jrielded fruit 
and seeds to propagate its species. If, instead of thus finishing its 
career, each plant was to retain its form and vegetable state, it 
would become a useless burden to the earth and its inhabitants. 
When vegetables, therefore, cease to be productive, they cease to 
live, and nature then begins her process of decomposition, in order, 
to resolve them into their chemical constituents, hydrogen, carbon 
and oxygen; those simple and primitive ingredients, which she 
keeps in store for all her combinations. 

Emily. But since no system of combination can be destroyed, 
except by the establishment of imother order of attractions, how 
can the decomposition of vegetables reduce them to their simple 
elements ? 

Mrs, B, It is a very long process, during which a variety of new 
combinations are successively established, and successively destroy- 
ed ; but, In each of these changes, the ingredients of vegetable 
matter tend to unite in a more simple order of compounds, till they 
are at len^h brought to their elementary state, or, at least, to their 
most simple order of combinations. Thus you will find that vege^ 
tables are in the end almost entirely reduced to water and carbonic 
acid : the hydrogen and carbon dividing the oxygen between them 
60 as to form with it these two substances. But the variety of inter- 
mediate combinations that take place during the several stages of 

1148. Why do vegetables more readily undergo chemical changes 
than minerals ? 

1149. When do vegetables become decomposed ? 

1150. Into what a^ vegetables reduced by decomposition.'' 

1 151 . Since no system of combination can be destroyed, except by the 
establishment of another order of attractions, how can the deoompoei 
tion of vegetables reduce them to thehr simple elements ? 
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the decomposition of Tegetables, present hb with a new set of com 
poondB, well worthy of our examination. 

Caroline, How is it possible that vegetables, while pntrefying, 
should produce any thing worthy of obKrration-? 

Mrs.B, They are sosoeptible of undergoing certain changes 
before they arriTe at the state of putre&ction, which is the ^sl 
term of decomposition ; and of tfiese changes we avail ourselfeB 
for paiticular and important purposes. But, in order to make yoa 
understand this subject, which is of considerable importance, I 
must explain it more in detail. 

The decomposition of vegetables is always attended by a Tiolent 
internal motion, produced by the disunion of one order of paitideSf 
and the combination of another. This is called fkhm kittatiov. 
There are several periods at which this process stops, so tbat a 
state of rest appears to be restored, and the new order of compounds 
fairly established. But, unless means be used to secure these new 
combinations in their actual state, their duration will be bat tran- 
sient, and a new fermentation will take place, by which the com- 
pound last formed will be destroyed ; and another, and leas complex 
will succeed. 

Emihf. The fermentatioiis, then, appear to be ^ly the succeasiTe 
steps by which a vegetable descends to its final dissolution. 

Mrs, B. Precisely so ; your definition is perfectly correct. 

CaroHne, And how many fermentations, or new arranffementa, 
does a vegetable undergo before it is reduced to its sim^e ingre- 
dients ? 

Mrs. B, Chemists do not exactly agree in this point ; but there 
are, I think, four distinct fermentations, or periods, at which the 
decomposition of vegetable matter stops and changes its course. 
But every kind of vegetable matter is not equally susceptible of 
undergoing all these fermentations. 

There are likewise several circumstances required to produce fei^ 
mentation. Water, and a certain degree of heat are both essential 
to this process, in order to separate the particles, and thus weaken 
their force of cohesion, that the new chemical affinities may be 
brought into action. 

Caroline. In frozen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Mrs. B. It certainly cannot ; and accordingly, we find scarcely 
any vestiges of vegetation where a constant frost prevails. 

Caroline. One would imagine that, on the contrary, such spots 
would be covered with vegetables ; for since they cannot be decom- 
posed, their number must always increase. 

Mrs. B. But, my dear, heat and water are quite as essential to 
the formation of vegetables, as they are to their decomposition. 
Besides, it is from the dead vegetables, reduced to their elementary 
principles, that the rising generation is supplied with sustenance. 
No young plant, therefore, can grow, unless its predecessors con- 
tribute both to its formation and support ; and Uiese not only furnish 

1152. What is the process called, that disunites and decomposes the 
Mements of vegetables ? 

1163. What are the fermentations ? 

(K* SS7 "^^^^ ^*"^ ®^ fermenUtion are there? 
95, HTiat is aecessary to produce fenoBiiXaJkAoik^ 
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Ibe seed from which the new plaiit springs, but likewise the food 
by which it is nourished. 

Carotine. Under the torrid zone, therefore, where water is nerer 
frozen, and the heat is very great, both the processes of Yegetation 
and of fermentation most, I suppose, be extremely rapid ? 

Mrs. B. Not 80 much as you unagine ; for in such climates great 
part of the water which is required for these processes is in an aeri- 
form state, which is scarcely more conducive either to the ^owth 
or formation of vegetables than that of ice. In those latitndes, 
therefore, it is only in low, damp situations, sheltered by woods 
from the sua's rays, that the smaller tribes of vegetables can grow 
and thrive during the dry season, as'dead vegetables seldom retain 
water enough to produce fermentation, but are, on the contrary, 
soOn dried up by the heat of the sun, which enables them to resist 
that process ; so that it is not till the fall of the autumnal rains 
(which are very violent in such climates,) that spontaneous fer- 
mentation can take place. 

The several fermentations derive their names firom their principal 
products. The first is called the saccharine fermentation, because 
Its product is sugar, 

Caroline. But sugar, you have told us, is found in all vegetables ; 
itcannot, therefore, be the product of their decomposition. . 

Mrs. B. It is true that this fermentation is not confined to the 
decomposition of vegetables, as it continually takes place durinff 
their life ; and, inde^, this circumstance has till lately prevented 
it from being considered as one of the fermentations, and the formsr 
Uon of sugar, whether in living or dead vegetable matter, is so 
evidently a new compound, proceeding from tbe destruction of the 
previous order of combinations, and essential to the subsequent 
fermentations, that it is now, I believe, geneirally esteemed the first 
step, or necessary preliminary to decomposition, if not an actual 
commencement oi that process. 

Caroline. I recollect your hinting to us that sugar was supposed 
not to be secreted from the sap, in the same manner as mucilage, 
fecula,, oil, and the other ingredients of vegetables. 

Mrs. B. It is rather from these materials, than from the sap itself, 
that sugar is formed ; and it is developed at particular periods, as 
you may observe in fruits, which become sweet in ripening, some- 
times even after they have been gathered. Life therefore is not 
essential to the formation of sugar, whilst, on the contrary, muci- 
lage, fecula, and the other vegetable materials that are secreted 
from the sap by appropriate organs, whose powers immediately 
depend on the vital principle, cannot be produced but during the 
e2ustence of that principle. 

Emily. The ripening of fruits is then their first step to destmo- 
ion as well as their last towards perfection ? 

Mrs. B. Exactly. A process analogous to the saccharine fer- 

» ^1 — ■ ■ ■■■-.■■,■,-—_ ■■■ — -■—■ ■!■■■■ ^•^mmm^mmtm^^m^^m^m 

1157. What in the torrid zone prevents the procesaes of vegetation 
and fermentation from being rapid ? 

115^.^ From what tUtlie several fermentafions derive their names' 
1 150. VViiy i« th^ first of them called a saccharine fermentation? 
1 KiO. Why waj n'**^^ su^ir fortneily considered a fermentation? 
J \{}\ . W'liy i* it at prpsjent considered a fermentation ? 
11()2. From what pirts oi' vt'i^etables is sugar formed? 
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mentatioii tikes place also duriiig the cooking of certain ▼egetablei. 
HThis is the case with parsnepe, carrots, potatoes, &c., in wLidi 
'sweetness is developed by heat and moisturek and we know that if 
we carry the process a little farther, a more fomplete deoomposhioa 
would ensue. The same process takes place also in seeds prerioos 
to their sprouting. 

QtroUne. How do you reconcUe this to your theory. Mis. B..' 
Can you suppose that decomposition is the necessary precunor 
of life ? ^ 

Mrs, B, That is indeed the case. (The materials of the seed 
must be decomposed, and the seed disorffanized, before a plant can 
sprout from it.T Seeds, besides the embryo plant, contain (as we 
have already cmserved) fecula, oil, and a litUe mucilage. These 
substances are destined for the nourishment of the future |dant; but 
they undergo some change before they can be fit for this function. 
The seeds, when buried in the eaiw, with a certain degree of 
moisture and of temperature, absorb water, which dilates them, 
separates their particles, and introduces a new order of attractions, 
ot which sugar is the product. The substance of the seed is tbos 
soflened, sweetened, and converted into a sort of white, milky pulp, 
fit for the nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially produced, for 
the purpose of making malt, by the following process : — ^A quantity 
of barley is first soaked in water for two or three days : the water 
being afterwards drained off, the grain heats spontaneously, swells, 
bursts, sweetens, shows a disposition to germinate, and actually 
sprouts to the length of an inch, when the process is stopped by 
puttinp^ it into a kiln, where it is well dried at a gentle heat. In this 
state It is crisp and friable, and constitutes the substance called 
maU, which is the principal ingredient of beer. 

linify. But I hope you will tell us how malt is made into beer? 

Mrs, B, Certainly ; but I must first explain to you the nature of 
the second fermentation, which is essentiaJ to that operation. Tliis 
is called the vinous fermentation, because its product is wine, 

EmUy. How very different the decomposition of vegetables is 
from what I had imagined ! The products of their disorganization 
appear almost superior to those which they jdeld during their state 
of life and perfection. 

Mrs. B, And do you not, at the same time, admire the beautiful 
economy of Nature, which, whether she creates, or whether she 
destroys, directs all her operations to some useful and bencToleut 
purpose ? — It appears that the saccharine fermentation is extremely 
favorable, if not absolutely essential, as a previous step, to the vinous 
fermentation ; so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 
ll 63. What process analogous to saccharine fermentation takes place 
during the cooking of certain vegetables ? 

11C3. How would you descrite this fermentation in eeeds prior to 
germination ? t, 

1165. How is saccharine fermentation ezhibi^ in tlie making of 
malt? 

1166. Why is the second fermentation called vinous? 

1167. Why does barley resist the vinous fermentation until it bu 
gone tbiotigh the saccharine ' 
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fyte Uie vinoas fermentation can take place. This is the case with 
barley, which does not yield ~niy sugar antil it is made into malt ; 
and it is in that state only, that it is susceptible of undergoing the 
▼inous fermentation by which it is convert&d into beer. 

Caroline, But if the product of the vinous fermentation is always 
wine, beer cannot have undergone that process, for beer is certain- 
ly not Wine. 

Mrs. B. Chemically speaking, beer may be considered as the 
wine of grain. For it is the product of the fermentation of malt, 
just as wine is that of the fermentation of grapes, or other fruits. 

The oonseiquence of the vinous fermentation is the decomposition 
of the saochaurine matter, and the formation of a spirituous liquor from 
the constituents of the sugar. But in order to promote this fermen- 
tation, not only water and a certain degree of heat are necessary, 
but some other vegetable ingredients, besides the sugar, as fecula, 
mucilage, acids, ssuts, extractive matter, &c., all of which seem to 
contribute to this process, and ^ive to the liquor its peculiar taste. 

EmUy, It is, perhaps, for this reason, that wine is not obtained 
from the fermentation of pure sugar ; but that Aruits are chosen for 
that purpose, as they contain not only sugar, but likewise the other 
▼egetable ingredients which promote the vinous fermentiation, and 
give the peculiar flavor. 

Mrs, D. Certainly. And you must observe, also, that the relative 
quantity of sugar is not the only circumstance to be considered in 
the choice of vegetable juices for the formation of wine ; otherwise 
the sugar cane would be best adapted for that purpose. It is rather 
the manner and proportion in which the sugar is mixed with other 
vegetable ingredients, that influences the production and. qualities 
of wine. And it is found that the juice of tne grape not only yields 
the most considerable proportion of wine, but that it likewise affords 
it of the most grateful flavor. 

EmUy, I have seen a vintage in Switzerland, and I do not recol- 
lect that heat was applied, or water added, lo produce the fermen- 
tation of the grapes. 

Mrs. B. The common temperature of the atmosphere in the cel- 
lars in which the juice of the ^rape is fermented is sufficiently wam^ 
for this purpose ; and as the juice contains an ample supply of water, 
there is no occasion for any addition of it. But when fermentationis 
produced in dry malt, a quantity of water must necessarily be added. 

Emihf, But what are precisely the changes that happen during 
the vinous fermentation ? 

Mrs, B, The sugar is decomposed, and its constituents are re- 
oombined into two new substances ; the one a peculiar liquid sub- 
stance, called alcohol, or spirit of vnne, which remains in the fluid ; 
the other, carbonic acid gas, which escapes during the fermentation. 
Wine, therefore, as I before observed, m a general point of view, 
may be considered as a liquid, of which alcohol constitutes the essen- 

1168. What is the consequeace of the yinoui fermentation ? 

1169. What is necessary to produce this fermentation? 

1 170. Why axe grapes chosen for wine instead of pore augur ? 

1171. What is to be considered in the choice of vegetaUe juices fer 
the formation of wine ? 

1172. What are the changes that happen daring the vinous ffennen- 
Ution? " ' ■ 
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tial part. And the variety of strength and flaror of the different 
kinds of wine, are to be attributed to the different qualities of the 
fruits^ from which they are obtained, independently of the sugar. 

CaroUne. I am astonished to hear that so powerful a liquid as spirit 
of wine should be obtained from so mild a substance as sugar. 

Mrs, B, Can you tell me in what the principal difference consisti 
between alcohol and sugar ? 

Caroline. Let me reflect : — Sugar consists of cairbon, hydrogen, 
and oxygen. K carbonic acid be subtracted frt)m it, durinff the fot- 
mation of alcohol, the latter will contain les» carbon and oxygen 
than sugar does ; therefinre hydrogen must be the prevailiiig prin- 
ciple of alcohol. 

Mrs, B, It is exactly so. And this verr large proportion of hy- 
drogen accounts for the lightness and combustible property of alco- 
hol, and of spirits in general, all of which consist of alcohol variously 
modified. 

EmUy. And can sugar be recomposed from the combination of 
alcohol and carbonic acid ? 

Mrs, B, Chemists have never been able to succeed in efl^cting 
this ; but from analogy I should suppose such a recomposition poe^ 
sible. Let us now observe more particularly, the phenomena that 
take place during the vinous fermentation. At the commencement 
of this process Jneat is evolved, and the liquor swells considerably 
from the formation of the. carbonic acid, which is disengaged in such 
prodigious quantities as would be fatal to any person who should 
unawares inspire it V an accident which has sometimes happened. 
If the fermentation DC stopped by putting the liquor into barrels, 
before the whole of the carbonic acid is evolved, the wine js brisk, 
like Champagne, (from the carbonic acid imprisoned in i^and it 
tastes sweet, like cider, from the sugar not being compl^ly de- 
composed. 

linily. But I do not understand why heat should be evolved dar- 
ing this operation. 1^'or, as there is a considerable formation of gas 
in which a proportionable quantity of heat must become insensible, 
I should have imagined that cold, rather than heat, would have been 
produced. 

Mrs. B. It appears so on first consideration ; but you must recol- 
lect that fermentation is a complicated chemical process ; and th&t, 
during the decompositions and recompositions attending it, a quan- 
tity of chemical heat may be disengaged, sufficient both to develope 
the gas, and to effect an increase of temperature. When the fer- 
mentation is completed, the liquid cools and subsides, the efferves- 
cence ceases, and the thick, sweet, sticky juice of the fruit, is con- 
verted into a clear, transparent, spirituous liquor, called wine. 

Emihf, How much I regret not having been acquainted with the 
nature of the vinous fermentation, when I had an opportunity of 
seeing the process. 

Mrs. B. You have an easy method of satisfying yourself in that 

1173. What is the principal difference between sugar and alcohol P 

1174. Can sugar be recompoeed by the combination of alcohol and 
carbonic acid .' 

1175. What takes place at the commencement of the vine as fe^ 
mentation .' 

1176. Why is Champagne wine ao brisk? 

tJ77, What process is analogous \a \h& TQ»>sX.tv^ ^1 "nVcssi) 
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teBpBtA by oiiaBrving^e proceas of brewin^lfwhich in every essen- 
tiafcircumstance, isaBhilar to that of maku^ wine, and is really a 
venr carious chemical operation. 

Although we cannot actually make wine at this moment, it will be 
easy to 8lu>w yon the mode of analyzing it. This is done by distilla- 
tion. When win^ of any kind is submitted to this operation, it is 
fiound to contai^brandy, ^water, tartar, extractive coloring matter 
and some yegetaNe acids.) I haye put a little Port wine mto this 



alembic of glass, and 
on placing the lamp 
under it, you wiU 
soon see the spirit 
and water success- 
iy^ come over. 

Anihf, But you 
do not mention al- 
cohol amongst the 
products of the dis- 
tillation of wine ; 
and yet that is its 
most essential in- 
gredient. 

Mrs. B. The al- 
cohol is contained 
in the brandy which 
is now coming over 
and dropping from 
the still. Brandy is 
nothing more than 
a mixture of alco- 
hol and water : and 
in order to obtain 
the alcohol pure, w^ 
must again distal it 
from brandy. 






(Fig. 34.) 




A. Alembic.— B. Lamp.— C. Wine. 



CaroUne, I have just taken a drop' on my finger ; it tastes like 
strong brandy, but is without color, whilst brandy is of a deep yel- 
low. 

Mrs, jB. It is not so naturally ; in its pure state, brandy is color- 
less, and it obtains the yellow tint you observe, by extracting the 
coloring matter from the new oaken casks in which it is kept. But 
if it does not acquire the usual tinge in this way, it is the custom to 
color the brandy in this country, artificially, with a little burnt su- 
gar, in order to give it the appearance of having been long kept. 

Caroline, Ana is rum also distilled from wine ? 

Mrs. B. By no means ; it is distilled firom the sugarcane, a plant 
which contains so great a quantity of sugar, that it }rields more al- 
cohol than almost any other vegetable. After the iuice of the cane 
has been pressed out for making sugar, what still remains in the 
bruised cane is extracted by water, and this watery solution of sugar 
is fermented, and produces rum. 

1178. When wine is diBtilled what is the product? 

1 179. What is brandyX 

1180. From what does Bfesady-obUin its coloring ? 

1181. From what, and how is rum distiUed? 
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The spirituous liquor called arradc is in a mmilar maimer distiHed 
from the product of the yiaous fermentation of rice. 

Emily. But rice has no sweetness ; does it contain any sugar? 

Mrs. B. Like barley^ and most other seeds, it is insipid until it 
has undergone the saccharine fermentation ; and this, you must le- 
coilect, is always a previous step to the yinous fermentaticm in those 
vegetables in which sugar is not already formed. Brandy may, in 
the same manner, be obtained from malt. 

Caroline. You mean from beer, I suppose ; for the malt most 
have previously undergone the vinous fermentation. 

Mrs. B. Beer is not precisely the product of the vinoos ferment- 
ation of malt. For hops are a necessary ingredient for the fermar 
tion of that liquor ; whilst brandy is distilled from pure fermented 
malt. But brandy, no doubt, might be distilled from beer, as well 
as from any other liquor that has undergone the vinous fermenta- 
tion ; for since the basis of brandy is alcohol, it may be obtained 
from any liquid that contains that spirituous substance. 

Emily. And pray, from what vegetable is the favorite spirit of 
the lower orders of the people, gin, extracted? 

Mrs. B. The spirit (which is the same in all fermented liqaon) 
luay be obtained! from any kind of grain ; but the peculiar flavor 
which distingaishes gin, is that of juniper berries, which are distil- 
led together with the grain. J) 

I thmk the brandy contained in the wine which we are distilling, 
must, by this time, be all come over. Yes — ^taste the liquid that is 
now dropping from the alembic. 

Caroline. It is perfectly insipid, like water. 

Mrs. B. It is water, which, as I was telling yon, is the second 
product of wine, and comes over after all the spirit, which is the 
lightest part, is distilled The tartar, and extractive ccdoring mat^ 
ter we shall find in a solid form, at the bottom of the alembic. 

Emily. They look very much like the lees of wine. 

Mrs. B. And in many respects, they are of a similar nature, for 
lees of wine consist chiefly of tartrit of potash^ a salt which exists 
in the iuice of the grape, and in many other vegetables, and is de- 
veloped only by the vinous fertnentation j) Daring this operation, it 
is precipitated, and deposits itself on the internal surface of the cask 
in which the wine is contained. It is much used In medicine, and 
in various arts, particularly dyeing, under the name oi cream of tar' 
tar,, and it is from this salt that the tartarous acid is obtained. 

Caroline. But the medicinal cream of tartar is in appearance, 
quite different from those dark colored dregs ; it is perfectly colo^ 
less. 

Mrs. B, Because it consists of the pure salts only, in its crystal- 
lized form ; whilst in the instance before us, it is mixed with tlie 
deep colored extractive matter, and other foreign ingredients. 

Emily. Pray, cannot we now obtain pure alcohonrom the brandyj 
which we have distilled ? > 

Mrs, B. We might ; but the process would be tedious ; fer in 
order to obtain alcohol perfectly free from water, it is necessary to 
distil, or, as the distillers call it, rectify it several times. You must 

^ 1182. From what, and how is gin distilled ? 

1183. What is the origin of the cream of tartar ? 

1184. From what may alcohol be obtained ^ 
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therefore, allow me to produce a bottle of alcohol that has been 
thos purified. This is a very important ingredient, which has many 
striking properties, besides its forming the basis of all spirituous 
• liquors. » 

Ennly, It is/IQcoholJ I suppose, that produces intoxication ? 

Mrs. B. Certainly ; but the stimulus and momentary energy it 
sives to the system, and the intoxication it occasions when taken 
in excess, arqcircumstances not yet accounted for.^ 

Caroline, r thought that it produced these effects b^ increasing 
the rapidity of the circulation of the blood ; for drinkmg wine or 
spirits, I have heard always quickens the pulse. • 

Mrs, B, No doubt ; the spirit by stimulating the nerves in- 
creases the action of the muscles ; and the heart, which is dne of 
the strongest muscular organs, beats with augmented vigor, and 
propels the blood with accelerated quickness. After such a strong 
excitation the frame naturally suffers a proportional degree of de- 
pression, so that a state of debility and lanc^or, is the invariable 
consequence of intoxication. But though these circumstances are 
well ascertained, they are far from explaining why alcohol should 
produce such effects. 

EmUu, Liqueurs are the only kind of spirits which I think pleas- 
ant, r ray , of what do they consist ? 

Mrs, B, They are composed of alcohol, sweetened with syrup, 
and flavored with volatile oil. 

The different kinds of odoriferous spirituous waters are likewise 
(^solutions of volatile oil in alcohol,^ as lavender water, eau de Co- 
logne, &c. 

(- The chemical properties of alcohol are important and numerous. 
It is one of the most powerful chemical agents, and is particularly 
useful in dissolving a vmety.of substances, which are soluble 
neither by water nor heaty 

Emily. We have seen it dissolve copal and mastic to form var- 
nishes ; and these resins are certainly not soluble in water, since 
water precipitates them from their solution in alcohol. 

Mrs. B, I am happy to find that you recollect these circumstances 
so well. The same experiment affords also an instance of another 
property of alcohol, — ^its tendency to unite with water : for the resin 
IS precipitated in consequence of losing the alcohol, which abandons 
it from its preference for water. It is attended also, as you may 
recollect, \vith the same pecuhar circumstance of a ^(isengagement 
of heat, and consequent duninution of bulk, which we have supposed 
to be produced by a mechanical penetration of particles, by which 
latent heat is forced out. 

Alcohol unites thus readily not only with resins and with water, 
but with oils and balsams; these compounds form the extensive 
class of elixirs, tinctures, quintessences, &c. 

^ Emily. I suppose that alcohol must be highly combustible, since 
Tt contains so large a proportion of hydrogen. 

1185. What is the intoxicating principle in spirituous liquors? 

1186. How does it produce this effect ? 

1187. What are the different kinds of odoriferous spirituous waters ? 

1188. What are some of the most peculiar uses of alcohol ? 

1189. Why are brandy and other spirituous liquors so combustibk ? 



Mrs, B. Ihctremely so ; and it iUdll barn at a rery v&Ddertte 
teniperfttnre. 

Caroline, I have often seen both brandy and spirit of wine burat; 
thev produce a great deal of flame, but not a proportional qomtity 
of heat, and no smoke whatever. * ^ 

Mrs. B, "Die last circnmstance arises fron^Uieir combustion be- 
ing completes and the disproportion between the flame and bett 
shows you tflat these are by no means synonymoos. 

The great quantity of flame proceeds firom the combustion of tlie 
hydrogen, to which you know that manner of burning is peculiar.— . 
Have you not remarked also, that brandy and alcohol will ban 
without wick ?-^ey take fire at so low a temperature, that tbis 
assistance is no! required to concentrate the heat and volaliliae 
the fluid.} 

Caroline, I have sometimes seen brandy burnt by merely heating 
it in a spoon. 

Mrs. B. The rapidity of the combustion of alcohol, may, how- 
ever, be prodigiously increased by first volatilizing. An ingemons 
instrument has been constructed on this principle to answer tke 
purpose of a blow-pipe, which may be used for melting glass, or 
other chemical purposes. / It consists of a small metafile vend, 



Fig. 35. 
Alcohol Blow-pipe, 




(fig. 35.) of a spherical ^ 
shape, which contains 
the alcohol, and is heated 
by the lamp beneath it ; 
as soon as the alcohol 
is volatilized, it passes 
through the spout of the 
vessel, and issues just 
above the wick of the 
lamp, which immediate- 
ly sets fire to the stream 
of vapor, as I shall show 

you. 7 

EmUy. With what a- 
mazing violence it burns ! 
The flame of alcohol, in 

the state of vapor, is, I/6.Thelamp.-E. TheveasellnwhichtbeAlcoM 
fancy, much hotter than n boiline.— F. Safety valve.— O. The inflamed jec« 
when the spirit is merely *'«•"* of aleobol directed towarda tfae giaaa tube Hj 

burnt in a spoon. 

Mrs. B. Yes ; because in this way the combustion goes on woA 
quicker, and, of course, the heat is proportionally increased. — Ob> 

* A spirit lamp, which answers very well for bending small giasB 
tubes, may be constructed by almost any oiie. / Take a low phial 
with a wide mouth, fit avoork to it, and pierce 'the cork to admits 
piece of glass tube, the 'bore of which is about the nze of a large 

— ■ ■ _ I ^ 

1190. Why is no smoke produced when brandy or spirit of wine m 
burnt ? 

1191. Why will brandy and alcohol bum without a wick } 

1192. How would you describe the experiment represented in fig. 35' 

1193. How would you detcribe the spirit lamp ^ 
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BSrve its efiect on this small glass tube, the middle of wldch I pxe- 
eent to the extremity of the Same, where the heat is greatest. 

Caroline. The glass, in that spot, is become red hot, and bends 
from its own weight. 

Mrs. B. I have now drawn it asunder, and am going to blow a 
.ball at one of the heated ends ; but I must previously close it up 
and flatten it with this little metallic instrument, otherwise the 
breath would pass through the tube without dilating any part of 
it. — Now Caroline, will you blow strongly into the tube whilst the 
closed end is red hot ? 

JEmify. You blow too hard ; for the ball suddenly dilated to a 
great size, and then burst into pieces. 

Mrs. B. You will be more expert another time ; but I must 
caution you, should you ever use this blow-pipe, to be very careful 
that the combustion of the alcohol does not go on with too great 
violence, for I have seen the flame sometimes dart out with such 
force as to reach the opposite wall of the room, and set the paint 
on fire. There is, however, no danger of the vessel bursting, as it 
is provided with a safety tube, which aflfords an additional vent for 
the vapor of alcohol when required. 

The products of the combustion of alcohol consist inl a jOfreat 
proportion of water, and a small quantity of carbonic acid^* There 
IS no smoke or fixed remains whatever. — ^How do you account for 
that, Emily r 

Emily. I suppose that the oxygen which the alcohol absorbs in 
burning, converts its hydrogen into water, and its carbon into car- 
bonic acid gas, and thus it is completely consumed. 

Mrs. B. Very well. — Ether, the lightest^f all fluids, and with 
which you are well acquainted, is obtainedffrom alcohol Jbf which 
it forms the lightest and most volatile part.^ 

Emily. Ether, then, is to alcohol, what alcohol is to brandy. 

Mrs. B. No ; there is an essential difference. In order to obtain 
alcohol from brandy, you need only deprive the latter of its water ; 
but for the formation of ether, the alcohol must be decomposed, 
and one of its constituents partly subtracted. I leave you to guess 
which of them it is. 

Emily. It cannot be hydrogen, as ether is more volatile than 
alcohol, and hydrogen is- the lightest of all its ingredients : nor do 
I suppose that it can be oxygen, as alcohol contains so small a pro- 
portion of that principle ; it is tlierefore, most probably, carbon, a 
diminution of which would not fail to render the new compound 
more volatile. 

Mrs. B. You aT<r perfectly right. The formation of ether con 
sists sunplt in subtracting from the alcohol a certain {proportion of 
carbon\ thfs is effected by the action of the sulphuric, nitric, oi 

goose-quill. Let the tube rise an inch or two above thb -uirk— 
pass some cotton wick through the tube — ^then fill the phial v?th 
alcohol, and put the cork and tube in their places. The lamp is 
then ready ^H-C. 
^^ . 

1194. What is the 'composition of alcohol? 

Ild5. From what is ether obtained !* . 

1196. How does it differ from alcohol?^. ' . /:«' ^/ >■'.■_■.,■ 

1197. In what does the formation of ether conmsl? 

23 • 
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muriatic acid, on alcohol. Tlie add and carbon remain at the 
bottom of the vessel, whilst the decarbonized aioohol flies off in the 
fbmi of a condensable vapor, which is ether. 

^therys the most inflammable of all fluids, and boms at so low a 
temperaAire that the heat evolved during its combustion is more 
Chan is required for its support, so that a quantity of ether is vola- 
tilized, which takes fire, and gradually increases the violence of the 
combustion. 

Sir Humphrey Davy has lately discovered a very singular fact 
respecting the vapor of ether. If a few drops of «ther he poored 
into a wine glass, and a fine platina wire, heated almost to redness, 
be held suspended in the glass, close to the surface of the ether, 
the wire soon becomes intensely red hot,- and remains so for any 
length of time. We may easily try the experiment. 

Caroline. How very curious ! The wire is almost white hot, 
and a pungent smell rises from the glass. Pray how is this ac- 
countea for? 

Mrs, B. This is owing to a very peculiar property of the vapor 
of ether, and indeed of many other combustible gaseous bodies. 
At a certain temperature lower than that of ignition, these vapors 
undergo a slow and imperfect combustion, which does not give rise, 
in any sensible degree, to the phenomena of light and flame, and 
yet extricates a quantity of c^oric sufficient to re-act upon the 
wire, and make it red hot, and the wire in its turn keeps up the 
effect as long as the emission of vapor continues. ' 

This singular effect, which is also produced* by the alcohol, may 
be rendered more striking, and kept up for an indefinite length of 
time, by rolling a few coils of platina wire, of the diameter of from 
about l-60th to l-70th of an inch, round the wick of a spirit lamp. 
If this lamp be lighted for a moment, and blown out again, the wire, 
after ceasing for an instant to be luminous, becomes, red hot again, 
though the lamp is extinguished, and remains glowing vividly, till 
the whole of the spirit contained in the lamp has been evaporated 
and consumed in this peculiar manner. 

Caroline. This is extremely curious. But why should not an 
iron or silver wire produce the same effect ? 

Mrs. B. Because either iron or silver, being mnch better con- 
ductors of heat than platina, the heat is carried off too fast by those 
metals to allow the accumulation of caloric necessary to produce 
the effect in question. 

Ether is so light that it evaporates at the common temperatore 
of the atmosphere ; it is therefore necessary to keep it confined by 
a well ground glass stopper. No degree of cold known has ever 
frozen it,* 



* Ether freezes and shoots into crystals, at 46° below the zero of 
Fahrenheit. — C. 

1198. What is the most inflammable of all bodies ? 
1190. What singular effect has Sir H. Davy lately discovered le* 
specting the vapor of ether .' 

1200. How may this effect be rendered more striking } 

1201. Why would not an iron or silver wite produce the — » rw cftot 

1202. At what degree of cold will etnei fret^ze ? 
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CaroUne, Ib it not often taken medicinally ? 
^ Mrs. B, Yes ; it is one of the most effectual antinspasmodic medi • 
cines, and the quickness of its effects, as such, probably depends on 
its being instantly converted into vapor by the heat of the stomach, 
through the intervention of which it acts on the nervous system. 
But the frequent use of ether, like that of i^irituous liquors, become* 
prejudicial, and, if taken to excess, it produces efl^cts similar to 
those of intoxication. 

We may now take our leave of the vinous fermentation, of which, 
I hope, you have acquired a clear idea ; as weU as of the several 
products that are derived from it. 

Caroline, Though this process appears, at first sight, so nrach^ 
complicated, it may, I think, be summed up in a few words, as it 
consists in the conversion of sugar and fermentable bodies into 
alcohol and carbonic acid, which gives rise both to the formation of ' 
wineyfftnd of all kinds of spirituous liquors. 

Mrs. B. We shall now proceed to the acetous fermentation, which 
is thus called, because it converts wine into vinegar^ by the forma- 
tion of the acetous acid, which is the basis or radical of vinegar. 

Caroline. But is not the acidifying principle of the acetous acid 
the same as that of all other acids, oxygen ? 

Mrs. B. Certainly ; and on that account, the contact of air is 
essential to this fermentation, as it affords the necessary supply of 
oxygen. Yine^r, in order to obtain pure acetous acid n'om it, 
must be distilled and rectified by certain processes. 

Emily. But pray, Mrs. B., is not the acetous acid frequently 
formed without this fermentation taking place ? Is it not, for in- 
stance, contained in acid fruits, and in every substance that be- 
comes sour? 

Mrs. B. No, not in fruits ; you confound it with the citric, the 
malic, the oxalic, and other vegetable acids, to which living vege- 
tables owe their acidity. But whenever a vegetable substance 
turns sour, afler it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which the substance ad- 
vances a step towards its final decomposition. 

Amongst the various instances of acetous fermentation that of 
bread is usually classed. 

Caroline. But the fermentation of bread is produced by yeast 
how does that effect it ? 

Mrs. B. It is found by experience that any substance that has 
already undergone a fermentation, will readily excite it in one that 
is susceptible of that process. If, for instance, you mix a little vine- 
gar with wine, that is intended to be acidified, it will absorb oxygen 
more rapidly, and the process be completed much sooner, than if left 
to ferment spontaneously. Thus 3reast, which is a product of the 
fermentation of beer, is used to excite and accelerate the fermenta- 

1203. How may the process of the vibons fermentation be ezpresaed 
In a few words ? 

1204. Why is the third fermentation called acetous } 

1205. Why is the contact of air necessary to produce the acetous 
fermentation ? 

1206. What 18 the reason that wine, or cider, when corked tight, 
does not tarn to vinegar ? 

1207. How is the fermentatioD of btead praduced by yeast? 
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tion of malt, which is to he converted into heer, as well as that of 
paste, which is to be made into bread. 

Caroline. But if bread undergoes the acetous fermentati5n, whj 
is it not sour ? 

Mrs. B. It acquires a certain savor which corrects the heavy 
insipidity^ of flour, and may be reckoned a first degree of acidifica- 
tion, or if the process were carried further, the bread would become 
decidedly acid. 

There are, however, some chemists who do not consider the fe^ 
mentation of bread as being of the acetous kind, but suppose that 
it is a process of fermentation peculiar to that, substance. 

The putrid fermentation is the final operation of Nature and her 
last step towards reducing organized bodies to their simplest combi- 
nations. All vegetables spontaneously undergo this fermentation 
afler death, provided there be a sufficient degree of hear and mois- 
ture, together with access of air ; for it is well known that dead 
plants may be preserved by drjring, or by the total exclusion of air. 

Caroline. But do dead plants undergo the other fermentations 
previous to this last ; or do they immediately suffer the putrid fer- 
mentation ? 

Mrs. B. That depends on a variety of circumstances, such as 
the degrees of temperature and of moisture, the nature of the plant 
itself, &c. But if you were carefully to follow and examine the 
decomposition of plants from their death to their final dissolution, 
you would generally find a sweetness developed in the seeds, and a 
spirituous flavor in the fruits (which have undergone the saccharine 
fermentation) previous to the total disorganization and separation 
of the parts. 

Emily. I have sometimes remarked a kind of spirituous taste 
in fruits that were over ripe, especially oranges, and this was just 
before they became rotten. 

Mrs. B. It was then the vinous fermentation, which had succeeded 
the saccharine, and had you followed up these changes attentively, 
you would probably have found the spirituous taste followed by 
acidity, previous to the fruit passing to the state of putrefaction. 

When the leaves fall from the trees in the autumn, they do not (if 
there is no great moisture in the atmosphere) immediately undergo 
a decomposition, but are first dried and withered ; as soon, how- 
ever, as the rain sets in, fermentation commences, their gaseous 
products are imperceptibly evolv6d into the atmosphere, and their 
fixed remains mixed with their kindred earth. 

Wood, when exposed to moisture, also undergoes the putrid fer- 
mentation, and becomes rotten. 

Emily. But I have heard that the dry rot, which is so liable tc 
destroy the beams of houses, is prevented by a current of air ; and 
yet you said that the air was essential to the putrid fermentation ? 

Mrs, B. True ; but it must not be in such a proportion to the 
moisture as to dissolve the latter, and this is generally the case when 

laSs. Why then is it not sour ? 

1209. What is the final fermentation in reducing organized bodies to 
their simplest combinations ? 

1210. What is mentioned of oranges, and other over ripe frait| u 
illustrating the above principle of fermentation ? 

'^M. What is said of the fermentation of leaves ? 
How ttULy the dry tot be pTevenVed^ 



die MCKiof of wood is nerenletl or stopped hf the fiee.aeeess of 
til What is commonly t»dled dry Tot, howerer, m sot, I believe, 
a trae process of patreraction. It is supposed to depend on a pe- 
culiar kind of Tegetation, which by feeing on the wood gradoally 
desEToys it. 

Straw, and all other kinds of vegetable matter, nndergo the jpntiid 
fermentation more rapidly when mixed with animal matter. (Much 
heat is evolved during this process, and a variety of vcdatile products 
are disenffaged, as carbonic acid and hydrogen gas, the latter ot 
which is frequently either sulphurated or phosphorated^ When all 
these gases have been evolyea, the fixed products, conristing of car- 
bon, small quantities of salts, potash, &c. form a kind of vegetable 
earth, which makes Tery fine manure, as it is composed of those 
elements which form the immediate materials of plants. 

Caroline. Pray, are not Yegetables sometimes preserved from de- 
composition by petrifaction ? * I have seen very curious specimens 
of petrified vegetables, in which state they perfectly preserve their 
form and organization, though in appearance they are changed to 
stone. 

JI&5. B. That is a kind of metamorphosis, which, now that yoa 
are tolerably well versed in the history of mineral and vegetable 
substances, I leave to your judgment to explain. Do you imagine 
that vegetables can be converted into stone ? 

EmUy. No, certainly ; but they might, perhaps, be dianged to a 
substance in appearance resembling stone. 

Mrs. B, It IS not so, however, with the substances that are called 
petrified vegetables ; for these are really stone, and generally of the 
hardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slowly 
and gradually decomposed. As each successive particle of the 
yegetable is destroyed, its place is supplied by a particle of siliceous 
earth, conveyed tnither by the water. In the course of time the 
vegetable is entirely destroyed, but the silex has completely re- 
placed it, having assumed its form and apparent toxture, as if the 
yegetable itself were changed to stone. 

Caroline. That is very curious! and I suppose that petrified 
animal substances are of the same nature ? 

Mrs. B. Precisely. It is equally impos^ble for either animal or 
yegetable substances to be converted into stone. They may be 
reduced, as we find they are, by decomposition, to their constituent 
elements, but cannot be changed to elements which do not enter 
into their composition. 

* Petrifactions are of two kinds, viz. siliceous^ when flinty parti- 
cles take the place of the original substance, and calcareous, where 
the substance appears to be changed to limestone. The first kind 
gives fire with steel, and the other eflTerresces with acids. — C. 

1213. On what is the dry rot supposed to depend? 

1214. Why will animal matter, mixed with straw and other vegeta 
frle substances, hasten fermentation ? 

1215. What are vegetable petrifactions ? 

1216. How are vegetable petrifactions formed ? 

1217. How many kinds of petrifactions are there f 

1218. fHnat aire they tailed, ana what are 
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There axe, howerer, drcamstancee which fireqnetitly prefent Ae 
regular and final decomposition of vegetables : as for instanee, whec 
they are buried either in the sea or in the earth, where they cannot 
undergo the putrid fermentation for want of air. In these caaes^ 
they are subject to a peculiar change, by which they a^e oooverted 
into a new class of compounds called bitumens, 

Caroline, These are substances I never heard of before. 

Mrs, B, You will find, however, that some of them axe toy 
fiuniliar to you. Bitumens are vegetables so far decompoeed as to 
retain no organic appearance ; but their origin is easily detected bj 
their oily nature, their combustibility, the products of their analjBB, 
and the impression of the forms of leaves, grains, fibres of wood, 
and even of^ animals, which they, frequently bear. 

They are sometimes of an oily, liquid consistence, as the sob- 
stance called nan?u?ia,* in which we preserved potassium ; it is a fine 
transparent, colorless fluid, that issues out of clays in some putB 
of Persia. But more frequently bitumens are solid, as asfhama^ 
a smooth, hard, brittle substance, which easily melts, and forms, in 
its liquid state, a beautiful dark brown color for oil painting, /i^, 
which is of a still harder texture, is a peculiar bitumen, susceptible 
of so fine a polish, that it is used for many ornamental purposes. 

Coal is also a bituminous substance, to the composition of whidi, 
both the mineral and animal kingdoms seem to concur. This most 
useful mineral appears to consist chiefly of vegetable matter, mixed 
with the remains of marine animals and marine salts, and occasioih 
ally containing a quantity of sulphuret of iron, commonly called 
pyrites. 

Emily. It is, I suppose, the earthy, the metallic, and the salbe 
parts 01 coals, that compose the cinders or fixed products of their 
combustion ; whilst the hydrogen and carbon, which they derive 
from vegetables, constitute their volatile products. 

Caroline, Pray, is not coke, (which I have heard is much used ii 
some manufactures) also a bituminous substance ? 

Mrs, B, No ; it is a kind of fuel artificially prepared from ooik 
It consists of coals reduced to a substance analogous to charooil 
by the evaporation of their bituminous parts. Coke, therefore, ii 
composed of carbon, with some earthy and saline ingredients. 

Succin or yellow amber, is a bitumen which the ancients called 
electnan, from whence the word electricity is derived, as that sob- 
stance is peculiarly, and was once supposed to be exclusively de» 
trie. It is found either deeply buried in the bowels of the earth, cr 

* Naphtha appears to be the only fluid in which oxygen does nol 
exist ; hence its property of preserving potassium, which has v 
strong an affinity for oxygen as to absorb it from all other floidi' 
It however loses this property by exposure to' the atmoepboni 
probably because it absorbs a small quantity of air, or moisture. ^ 
IS again restored by distillation. — C. 

1219. iWhat are bitumens, and how are they formed ? 

1220. What is asphaltum ? 

1221. What is jet? 

1222. What is coal? 

1223. How does coke difier from coal ' 

1224. What is yellow amber? 
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floating on the sea, and is supposed to be a resinous body wiiich has 
been acted on by sulphuric acid, as its analysis shows it to consist 
of an oil and an acid. The oil is called oil of amber ; the acid the 
sucdnnic. 

Unify. That oil I have sometimes used in painting, as it is reck- 
oned to change less than the other kinds of oil. 

Mrs, jB. The last class of vegetable substances that have chang- 
ed their nature Bxe fossil wood, peat, and turf. These are compost 
of wood and roots of shrubs, that are partly decomposed by being 
exposed to moisture under ground, and yet in some measure, pre- 
serve their form and organic appearance. The peat, or black earth 
of the moors, retains but few vestiges of the roots to which it owes 
its richness and combustibility, these substances being in the course 
of time, reduced to the state of vegetable earth. But in turf the 
roots of plants are still discernible, and it equally answers the pur- 
pose of fuel. It is the combustible used by the poor in heathy 
countries, which supply it abundantly. 

It is too late this morning to enter into the history of vegetation 
We shall reserve the subject, therefore, to our next interview, 
when I expect that it will furnish us with ample matter for another 
conversation. 



CONVERSATION XXU. 

HISTORY OF VEGETATIOIf. 

Mrs, B. The vegetable kingdom may be considered as the link 
which unites the mineral and animal creation into one common 
chain of beings ; for it is through the means of vegetation alone that 
mineral substances are introduced into the animal system ; since, 
eenerally speaking, it is from vegetables that all animals ultimate- 
fy derive their sustenance. 

Caroline. I do not understand that ; the human species subsist as 
much on animal as on vegetable food. 

• Mrs, B, That is true ; but yoxx do not consider that those that 
live on animal food derive their sustenance equally, though not so 
immediately, from vegetables. The meat which we eat is formed 
from the herbs of the field, and the prey of carnivorous animals pro- 
ceeds either directly or indirectly from the same source. It is, 
therefore, through this channel, that the simple elements become a 
part of the anim?l frame. We should in vain attempt to derive 
nourishment from carbon, hydrogen, and oxygen, either in their 
separate state or combined in . the mineral kingdom ; for it is only 

1225. Where is it found ? • 

1226. What are fossil wood, peat and turf .^ 

1227. Why does naphtha preserve potassium.' 

1228. What is considered as uniting the mineral and animal crea- 
tion ? 

1229. From whence do all animals derive their sustenance ^ 

1230. Ib what state are carbor, hydrogen, and oxygen. eajMble of 
aSbrding noorisbroent ? 



by being united in the form of vegetable combination . that thiei K^ 
come capable of conveying nourishment. 

J&mJy, Vegetation, then, seems to be the noethod whidi Natan 
eipploys to prepare the food of animals ? 

Mrs. B, That is certainly its principal object. The vegetaUe 
creation does not exhibit more wisdom m that admirable aystem of 
organization, by which it is enabled to answer its own immediate 
ends of preservation, nutrition and propag^ion, than in its gniid 
and ultimate object of forming those arrangements and combinar 
tions of principles, which are so well adapted for the nourishment 
of animals. 

Enuly, But I am very curious to know whence vegetables obtaia 
those principles which rorm their immediate materials ? 

Mrs, D, This is a point on which we are yet so much in the daik 
that I cannot hope fully to satisfy your curiosity ; but what little 1 
know on this subject, I shall endeavor to explain to you. 

The soil which at first view, appears to be the element of ^egetar 
bles, is found on a closer investigation, to be little more than the 
channel through which they receive their nourishment ; so that it ii 
very possible to rear plants without any earth or soil.* 

* The opinion that water is the only food of plants, was adopted 
by the learned on this subject in the 17th century ; and many ex- 
periments were made which seemed to prove that this was the 
truth. Among others was a famous one by Van Helmont, which 
for a long time was supposed to have established the point beyond 
all doubt. He planted a vnllow which weighed five pounds, m aa 
earthen vessel containing 200 lbs. of dried earth. This vessel was 
sunk into the ground, and the tree was watered, sometimes with 
distilled, and sometimes with tain water. 

At the end of five years the willow weighed 169 lbs. ; and on 
weighing the soil, dried as before, it was found to have lost only two 
ounces. Thus the willow had gained 164 lbs., and yet its food had 
been only water. The induction from this experiment was obvious. 
Plants live on pure water. This, therefore, was the general opinion 
until the proffress of chemistry detected its fallacy. Bergtnan, in 
1763, showed, by some experiments, that the water which Van Hel- 
mont had used, contained as much earth as could exist in .the tree 
at the end of the five years ; a pound of water contained about a 
grain of earth. So that this experiment by no means proved that 
the willow lived on water alone. Since tms time a p"eat variety of 
experiments have been made for the purpose of deciding what was 
the food of plants. In the course of these it has been found, that 
although seeds do vegetate in pure distilled water, yet the plant is 
weakly and finally dies before the fruit is mature 1. 

It is pretty certain, then, that earth is absolutely necessary to the 
prowth of plants, and that a part of their food is taken from the y>il. 
Indeed, the well known fact that a soil is worn otU by a long succea- 

1231. Do vegetables receive their chief aliment from the soil in which 
they grow ? 

12&. What experiment was made hy Hdmcnt to ascertain the wmr 
isntnent of vegdables f 

1233. What will be the condition of plants in pure water onlyf m 
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Caroline. Of that we have an instance in the hyacinth and other 
bulbous roots, which will grow and blossom beautifully in glasses of 
water. But I confess I should think it would be difficult to rear 
trees in a similar manner. 

Mrs, B, No doubt it would, as it is the burying of the roots in the 
earth that supports the stem of the tree. £Eut this office, besides 
that of afibrding a vehicle for food, is far the most important part 
which the earthy portion of the soil performs in the process of veg- 
etation ; for we can discover by analysis, but an extremely smau 
proportion of earth in vegetable compoupds. ' • 

Caroline, But if earths do not afford nourishment, why is it ne- 
cessary to be so attentive to the preparation of the soil ? 

Mrs, B, In order to impart to it those qualities which render it 
a proper vehicle for the food of the plant. Water is the chief nour- 
ishment of vegetables ; if, therefore, the soil be too sandy, it will not 
retain a quantity of water sufficient to supply the roots of the plants. 
If, on the contrary, it abounds too much with clay, the water wUl 
lodge in such quantities as to threaten a decomposition of the roots. 
Calcareous soils are, upon the whole, the most favorable to the 
growth of plants : soils are, therefore, usually improved by chalk, 
which you may recollect, is carbonat of lime. Different vegetables, 
however, require different kinds of soils. Thus, rice demands a 
most retentive soil ; potatoes, a soft sandy soil ; wheat, a firm and 
rich soil. Forest trees grow better in fine sand, than in a stiff clay ; 
and a light ferruginous soil is best suited to fruit trees. 

Carohne. But pray what is the use of manuring the soil ? 

Mrs. B, Manure consists of all kinds of substances whether of 
vegetable or animal origin, which have undergone the putrid fer- 

sion of crops, and finally becomes sterile, unless manured, is good 
proof that plants do absorb something from it. 

Saussure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind as that on 
which they grow. Thus trees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, 
contain little silica, but a great proportion of calcareous earth. 

In addition to what plants absorb firom the ground, there is no 
doubt but they obtain a part of their nourishment from water and 
air. Some experiments made at Berlin, show that wheat, barley, 
&c. contain a quantity of earth though fed only on distilled water. 

From the air, plants absorb carbonic acid gas. The carbon they 
retain, which forms the greatest part of their bulk. The oxygen is 
emitted, and goes to punfy the atmosphere. 

Thus it is seen that plants obtain their food from the earth, from 
water, and from the air. — C. 

11^. WItat facts did Saussure discover relatifig to this subject f 

1235. Whence do plants derive their food f 

1236. If earths do not afford nourishment, why is it necetsary to be 
so particular in enriching the soil P 

1237. What is the nourishment of vegetables? 

1238. What is the consequence to vegetables if the soil b too 
sandy ? 

1239. What if it abounds too much with day ? 

84 
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mentation, and are consequently decomposed, or nearly so, into 
their elementary principles. And it is requisite that these vegeta- 
ble matters should be in a state of decay, or, approaching decompo- 
sition. The addition of calcareous earth, in the state of chalk or 
lime, is beneficial to such soils, as it accelerates the dissolution of 
vegetable bodies. Now, I ask you, what is the utility of supplying 
the soil with these decomposed substances? 

Caroline. It is, I sup|)08e, in order to furnish vegetables with the 
principles which enter into their composition. For manures not 
only contain carbon, hydrogen and^oxygen, but by their decompo- 
sition supply the soil with these principles in their elementary form.* 

Mrs. B. Undoubtedly ; and it is mr this reason that the finest 
crops are produced in fields that were formerly covered vrith woods, 
because their soil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principles. 

Emily. This accounts for the plentifulness of the crops produced 
in America, where the country was, but a few years since, covered 
with wood. 

Caroline. But how is it that animal substances are reckoned to 
produce the best manure ? Does it not appear much more natural 
that the decomposed elements of vegetables should be the mostap 
propriate to the formation of new vegetables ? 

Mrs. B. The addition of a much greater proportion of nitrogen, 
which constitutes the chief difference between animal and vegetable 
matter, renders the composition of the former more complicated and 
consequently more favorable to decomposition. 

Indeed the use of animal substance is chiefly to give the first im- 
pulse to the fermentation of the vegetable ingredients that enter in- 
to the composition of manures. The manure of a farm yard is of 
that description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good manure. 
The heat produced by the fermentation of manure is another cir- 
cumstance which is extremely favorable to vegetation ; yet this 
heat would be too great if the manure was laid on the ground during 
the height of fermentation ; it is used in this state only for hot-beds 
to produce melons, cucumbers, and such vegetables as require a very 
high temperature. 

Caroline. A difficulty has just occurred to me which I do not 
know how to remove. Since all organized bodies are, in the com- 
mon course of nature, ultimately reduced to their elementary state, 
they must necessarily in that state enrich the soil, and afibrd food 
for vegetation. How is it then, that agriculture, which cannot in- 
crease the quantity of those elements that are required to manure 
the earth, can increase its products so wonderfully, as is found to 
be the case in all cultivated countries ? 



* But what is the use of all this, if "water is the chief nourish- 
ment of vegetables ? ' ' — C . • 

1240. What is the use of decomposed substances as is found io 
D'anure ^ 

1241. Why are the best crops produced on new lands, or where they 
vere recently covered with wood.^ 

1242. Why do animal substances make the best manure.^ 
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Mrs, B. It is by sufiering none of these decaying bodies to be 
dispersed and wasted, but in applying them duly to the soil. It is 
also by a- judicious preparation ot the soil, which consists in fitting 
it either for the general purposes of vegetation, or for that of the 
particular seed which is to be sown. Thus, if the soil be too wet, 
It may be drained ; if too loose and sandy, it may be rendered more 
consistent and retentive of water by the addition of clay or loam ; 
it may be enriched by chalk, or any kind of calcareous earth. On 
soils thus improved, manures will act with double efficacy ; and if 
attention be paid to spread them on the ground at a proper season 
of the year, to mix them with the soil, so that they may be general- 
ly diffused through it, to destroy the weeds which might appropri- 
ate these nutritive principles to their own use, to remove the stones 
-which would impede the growth of the plant, we may obtain a pro- 
duce an hundrea fold more abundant than the earth would sponta- 
netmsly supply. 

Ennly. We have a very striking instance of this in the scanty 
produce of uncultivated commons, compared to the rich crops of 
meaddws which are occasionally manuicd. 

Caroline, But, Mrs. B., though experience daily proves the ad- 
vantages of cultivation, there is still a difficulty whidi I cannot get 
over. A certain quantity of elementaiT' principles exist in nature, 
which it is not in the power of man either to augment or diminish. 
Of these principles, you have taught us that both the animal and 
vegetable creations are composed. Now the more of them is taken 
up by the vegetable kingdom, the less it would seem will remain 
for animals ; and therefore the more populous the earth becomes, 
the less it will produce. 

Mrs, B, Your reasoninsr is very plausible ;■ but experience every 
where contradicts the inference you would draw from it; since 
. we find that the animal and vegetable kingdoms instead of thriving 
as you would suppose, at each other ^s expense, always increase 
and multiply together. For you should recollect that animals can 
derive the elements of which they are formed only through the me- 
dium of vegetables. And you must allow that your conclusion 
would be valid only if every particle of the several principles that 
could possibly be spared from other purposes, were employed in 
the animal and vegetable creations. Now we have reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for su^sh purposes, remains either in an elemantary state, or 
engSLged in a less useful mode of combination in the mineral king- 
dom. Possessed of such immense resources as the atmosphere and 
the waters afford us, for ox>,ecn, hydrogen and carbon, so far from 
being in danger of working up all our simple materials, we cannot 
suppose that we shall ever bring agriculture to such a degree of 
perfection as to require the whole of what these resources could 

Nature, how^/er, in thus furnishing us with an inexhaustible stock 

1243. How ia it that agriculture, which cannot increase the quantity 
of those elements that are required to manure the earth, so greatly in- 
crease its vegetable pr<jduct.s ? 

1241. Of whit »re tlie ve«retnl)le and nnimal creation composed.^ 

1*24'^. VVlnt objection is made to the principles stated for tne increase 
of ves^ftiihle prf.fi uclions r 

i'ZAiJ, How is ih;tf olyeclion au^vvcrcd? 
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of raw materials, leaves it in some measare to the ingenuity of uao 
to appropriate them to his own purposes^ But, like a kind parent, 
she stimulates him to exertion, by setting the example, and point- 
ing out the way. For it is on the operations of Nature that all the 
improvements of art are founded. The art of agriculture coosists, 
therefore, in discovering the readiest method of obtaining the seve- 
ral principles, either from their grand sources, air and water, or 
from the decomposition of organized bodies ; and in appropriating 
them in the best manner to the purposes of vegetation. 

Emily, But, among the sources of nutritive principles, I am sa^ 
prised that you do not mention the earth itself, as it contains abun- 
dance of coals, which are chiefly composed of carbon. 

Mrs. B. Though coals abound in carbon, they cannot on account 
of their hardness and impermeable texture, be immediately subser- 
vient to the purposes of vegetation ; and wo find, on the contrary, 
that coal districts are generally barren. 

Emily. No ; but by their combustion, carbonic acid is produced; 
and this entering into various combinations on the surface of the 
earth, may, perhaps, assist' in promoting vegetation. 

Mrs. B, Probably it may in some degree ; but at any rate, the 
quantity of nourislunent which vegetables may derive from that 
source can be but very trifling, and must entirely depend on local 
circumstances. 

Caroline. Perhaps the smoky atmosphere of London is the cause 
of vegetation being so forward and so rich in its vicinity ? 

Mrs. B. I rather believe that this circumstance proceeds from the 
very ample supply of manure, assisted, perhaps, by the warmth and 
shelter which the town aflfords. Far from attributing any good to 
the smoky atmosphere of London, I confess I like to anticipate the 
time when we shall have made such progress in the art of managing 
combustion, that every particle of carbon will be consumed, and 
the smoke destroyed at the moment of its production. We may then 
expect to have the satisfaction of seeing the atmosphere of London 
as clear as that of the country. But to return to our subject ; I hope 
that you are now convinced that we shall not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro- 
vided we are but industrious in applying them to the best advantage 
by improving the art of agriculture, no limits can be assigned to the 
fruits that we may expect to reap from our labors. 

Caroline. Yes : I am perfectly satisfied in that res^iect, and I can 
assure you that I feel already much more interested in the progress 
and improvement of agriculture. 

Emily. I have frequently thought tLat the culture of the land vns 
not considered as a concern of sufficient importance. Manufactures 
always take the lead ; arid health and innocence are frequently sa- 
crificed to the prospect of a more profitable employment. It has 
often grieved me to see the poor manufacturers crowded together 

1247. In what does the art of agriculture consist ? 

1248. Why cannot coals be immediately subservient to the purposes 
.of veffetation? 

1249. Is there any occasion to apprehend a deficiency of nutritire 
elemenU to fertilize the earth ? 

1250. What objection is made to manufactures ' 
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in doee rooms, and confined (or the whole day to the most anifoim 
and sedentary employment, instead of being: engaged in that in* 
nocent and mhitary kind of labor, which Nature seems to haye 
assigned to man for the immediate aoqoirement of comfort, and for 
the preservation of his existence. I am sure that you agree with 
me, m thinking so, Mrs. B. 

Mrs. B. I am entirely of your opinion, my dear, in resrard to the 
importance of a^culture ; but as the conveniences of life, which 
we are all enjoying, are not derived merely from the soil, I am far 
from wishing to depreciate manufactures. Besides, as the labor of 
one man is sufficient to produce food for several, those whose in- 
dustry is not required in tillage must do something in return for the 
food that is provided for them. They exchange, consequently, the 
accommodations for the necessaries of life. Thus the carpenter and 
the weaver lodge and clothe the peasant, who supplies them with 
. their daily bread. The greater stoC'K of provisions, therefore, which 
the husbandman produces, the greater is the quantity of accommo- 
dation which the arti^cer prepares. Such are the happy .effects 
which naturally result from civilized society. It woula be wiser, 
therefore, to endeavor to improve the situation of those who are 
engaged in manufactures, than to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

But we must not yet take our leave of the subject of agriculture ; 
we have prepared the soil, it remains for us now to sow the seed. — 
In this operation, we must be careful not to bury it too deep in the 
ground, as the access of ait is absolutely necessary to its germina- 
tion ; the earth must, therefore, lie loose and light over it in order 
tiiat the air may penetrate. Hence the use of ploughing and dig- 
ginfi^, harrowing and raking, &c. A certain degree of heat and 
moisture, such as usually takes place in the spring, is likewise 
necessary. 

Camime, One would imagine you were going to describe the 
decomposition of an old plant, rather than the formation of a new 
one ; for yon have enumerated all the requisites of fermentation. 

Mrs, B, Do you forget, my dear, that the young plant derives its 
existence from the destruction of the seed, and that it is actually by 
the saccharine fermentation that the latter is decomposed ? 

Caroline, True; I wonder that I did not recollect that. The tem- 
perature and moisture required for the germination of the seed is 
tiMif •employed in producing the saccharine fermentation within it ? 

'^Mv. jS. Certainly. ' But, in order to understand the nature of 
gennination, you should be acquainted with the different parts of 
which the seed is composed. The external covering or envelope 
contains, besides the germ of the future plant, the substance which 
i^.to constitute its first nourishment ; this substance, which is called 
the farenchfma^ consists of fecula, mucilage, and oil, as we formerly 
observed. 

1251. For how many persons can one man in agricnltural labor pro- 
duce food ? 

1252. Why is this a reaion for encouraging roanafactares ? 

1253. What is the use of plooghiog, digging, harrowing, rakingi 
&c., in agricoltore ? 

24 • 
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^le seed is generally divided int#two compartments caUed kbetf 
tyledons, fo is exemplified by ihis bean, (Fi^. 36,)-Ahe^k 
colored kmd of string which divides UieMeb^is 
called the radidei as itibrms the root of the pint, 
and it is fromf a contiguous substance cidlea pbt 
mula, which[id enclosed within the lobesJ that the 
stem arises.VThe figure and size of the/ieed de- 
pend very much upon the cotyledons ; these vaiy in 
number m different seeds ; some have only one, as 
wheat, oats, barley, and all the grasses ; some haTe 
three, others six. But most seeds, as for instance, all the varieties 
of beans, have two cotyledons. When the seed, is buried in the 
earth, at any temperature /above 40 degrees, It imbibes water, 
which softens and swells thelobes ; it then ab^bs oxygen, which 
combines with some of its carbon, and is returned in the form of 
carbonic acid. (This loss of carbon increases the comparative pro- 
portion of hydrogen and oxygen in seed, and eiccites the saccharine 
fermentation by which the parenchymatious matter is converted 
into a kind of .sweet emulsion. In this form it is carried into the 
radicle by vessels appropriated to that purpose ; and in the mean- 
time, the fermentation having caused the seed to burst, the cotyle- 
dons are rent asunder, the radicle strikes into the ground and 
becomes the root of the plant, and hence the fermented liquid is 
conveyed to the plumula, whose vessels have been previously dis- 
tended by the heat of the fermentation. The plumula being thus 
swelled, as it were, by the emulsive fluid, raises itself and springs 
up to the surface of the earth, bearing with it the cotyledons, whidb, 
as soon as they come in contact with the air, spread themselves, and 
are transformed into leaves J— If we go into the garden, we shall 
probably find some seeds inf^he state in which I have described. 

Efnily. Here are some little lupines that are just making their 
appearance above ground. 

Mrs. B, We shall take up several ofiAem to observe their dif- 
ferent degrees of progress in vegetation./ Here is one that has but 
recently burst its envelope— do you see\the little radicle striking 
•downwards? (Fig. 37, No. 1.) In this the plumula is not yet visi- 
ble. But here is another in a greater state of forwardness — the 
plumula, or stem^ has risen out of the ground, and the cotyledons 
are converted into seed-leaves.VFig. 37, No. 2.) 

Caroline, These leaves are'^very thick and clumsy, and, unlike 
the other leaves, which I perceive are just beginning to appear. 

Mrs. B. It is because they retain the remains of the parenchyma, 
with which they still continue to nourish the young plant, as it has 
not yet sufficient roots and strength to provide for its Austenanoe 
from the soil. But, in this third lupine, (Fig. 37, No. 3.)(the nuUole 
had sunk deep into the earth, and sent out several shoots, each oC 

1254. What part of the seed is called cotyledons f 

1255. What part is called radicle ? , .'. , 

1256. What part is called plumula ? c* ' ' ' -'^ *«*-^*- - ' ^ • «** ' " 

1257. At what temperature will seeds germinate ?4 » dct^Aj*^ 

1258. How would you describe the process of germination in seeds * 

1259. What do Nos. 1 and 2 of Fig. 37, represent? 
laSO. What does No. 3, in Fig. 37, represent? 
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which is fiirnished with a montli 
to Buck up Douiishment from 
the soil ; Ihe funcdon of tha 
ongiual leaves, tharefore, he- 
ing Do loncer required, they 
are eraduajly decajiug, and 
the pTumula ia become a regu- 
lai stem, ahooting out small 
blanches, and Bpreading its 
foliage. \ 

fini^. Theieseemstobea 
very athking analogy between 
a seed and aa egg ; both reqoije 
an elevation of tempeiatuie to 
be brought to life ; Both at fint 
lupply with aliment the OTgaD~ 
zed being which they produce ; 
md as this has attained auffi- 
dent aaength to prooute ita 
>WD nourishment, the egg> 
shell breaks, whilst in the punt 
*■ the seed leaves taU off. 

Jl&i. B. Then is certainly 

aome leaemblance between 

'- ^ ^i« *37 ''n*'"?! '''^'* processes ; and when 

^ , .„„.„. D iut?cig! yo" b«»ine acquainted with 

3, AB,Cot]riniwi. c,ViumuiL animal chemistry, you will 
frequently be atruck with its 
analogy to that of the vegetable kingdom. 

As soon as the yoaac plant feeds tiom the soil, it tequirea ttie 
assistance of leaves, i^ichyire the organs by which it throws off 
its superabundant flnidl this secretion is much mora plentiful in 
the vegetable than in ^le animal creation, and the great extent of 
surface of the foliage of plants ia admirably calculated for carrying 
it on in sufficient quinliliea. This transpired fluid consists of utile 
more than water. The sap, by this proceea, is converted into a 
liquid of greater consistence, which is fit to be assimilated to its 
several parts. 

Emily. Vegetation, then, must be esBendally injured by destroy- 
ing the leaves of the planL 

Afr*. B. Undoubtedly Vit not onlr diminishes the tranapirslion, 
but also tbo absorption by the rools^ for Uie quantity of sap ab- 
sorbed, is always m proportion to ttte quantity of fluid tiirown off 
br tranSfMralion. You see, therefore, the necessity that a young 
plant should unfold its leaves as soon as it begins to derive its nour- 
lafament from the soil; and, accordiuglr, you will find that those 
lupines which have dropped their aeed-leaveB, and are no longer 
Ibd by the parenchyma, have spread Iheii foliage, in order to per- 
form the office just described. 

1261. What purpows dotite leavei of vecelaUn answer daring thmr 

»rowth."--v--i * :■. ■ ^-.-■■:... y;- '>■- .'■■ . .A,,..,....'- ■-<■-■' 
ISuS. What wilTbe the injury to 



Fi|. 37, No. 3, 
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But I should inform you that this function of transpiration 
to be co|ifined to the upper s:if&u» of the leavee, whilst on the 
contrarV; the lower surface, whicti is ipore roojg^h and uneven, aad 
fumishdLwith a )dnd of hair or down, is destined to absorb ma** 
tnre, or such other ingredients a^ the plant derives finom the 
atmosphere J 

As soon^ a young plant makes its appearance above 
light, as well as air, becomes necessary to its preservation. TLi^ht 
is essential lo the developement of the colors, and to tlie tnriYmg 
of the planu You may have often observed what a predileelioo 
vegetaUes^ad for the li^ht. If you make any plants grow is a 
room, they all spread their leaves, and extend their brandies to- 
wards the windows. 

Caroline, And many plants close up their flowers as soon is it 
is dark. 

Emily. But may not this be owing to the cold and dampness of 
the evening air ? 

Mrs, B. That does not appear to be the ease ; for in the conne 
of curious experiments, made by Mr. Senebier of Geneva, on plants 
which he reared by lamp-light, he found that the flowers closed 
their petals whenever the lamps were extinguished. 

Emihf. But, pray, why is air essential to vegetation ? Plants do 
not breathe it like animals. 

Mrs, B, At least, not in the same manner ; but they certainly 

derive some principles from the atmosphere, and yield others to it. 

/indeed it is chiefly owing to the action of the atmosphere and the 

Wegetable kingdom on each other, that the air continues always fit 

for respirationTN But you will understand this better when I hafe 

explained the-effect of water on plants. 

I have said that water forms the chief nourishment of plants; it 
/is the basis not only of the sap, but of all the vegetable jukes. 
[ Water is the vehicle which carries into the plant the various saltB 
^nd other ingredients required for the formation and support of the 
vegetable system. Nor is this all ; part of the water itself is de- 
composed by the organs of the plant ; the hydrogen becomes a 
constituent part of oil, of extract, of coloring matter, &c., whilst a 
portion of the oxygen enters into the formation of mucilage, of 
fecula, of sugar, and of vegetable acids. But the greater part of 
the oxygen proceeding from the decomposition of the water is con- 
verted into a gaseous state by the caloric disengaged from the 
hydrogen during its condensation in the formation of the vegetable 
materials. In this state, the oxygen is transpired by the leavesMf 
plants when exposed to the sun's rays. Thus you find that nd 
decomposition of water, by the organs of the plant, is not oirfyj 
means of supplying it with its chief ingredient, hydrogen, but at 
the same time of replenishing the atmosphere with oxygen, a prin- 
ciple which requires continual renovation, to make up for the great 
consumption of it occasioned by the numerous oxygenations, com- 

1263. How does the under side of leaves differ from the upper side? 

1264. Of what use is light in the growth of vegetables } 

1265. Of what use is air in vegetation .' 

1266. How are the various salts and other ingredients required for Uie , 
formaUon and support of the vegetable system carried into plants.' J. (-J 
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oustions, and respirations, that are constantly taking place on the 
enrfmce of the globe.* 

Emily, What a striking instance of theliarmony of nature ! 

Mrs. B. And how adboiirable the design cf rrovidence, who 
makes every different part of the creation thus contribute to the 
support and renovation of each other ! 

But the intercourse of the vegetable and animal kingdoms, 
through the medium of the atmosphere, extends still further. Ani- 
mals, in breathing, not only consume the oxy&^en of the air, but 
load it with carbonic acid, which, if accumulated in the atmosphere, 
would, in a short time, render it totally unfit for respiration. Here 
the vegetable kingdom again interferes ; it attracts and decomposes 
the carbonic acid, retains the carbon for its own purposes, and re- 
turns the oxygen for ours^ 

Caroline, How interesung this is ! I do not know a more beau- 
tiful illustration of the wisdom which is displayed in the lavms of 
nature. 

Mrs. B. Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine vnsdom, still they cannot 
tail to inspire us with awe and admiration. What, then, would be 
our feelings, were the complete system of nature at once displayed 
■ before us ! So magnificent a scene would probably be too great for 
our limited comprehension ; and it is, no doubt, among the wise d^ 

* The foregoing paragraph might mislead the student. Indeed it 
seems to have been written without regard to proper authorities.— 
For instance, there is no proof that water is decomposed by the 
organs of plants : nor is it in the least degree probable that the 
oxygen emitted by them owes its gaseous state to the caloric set free 
by the condensation of hydrogen. Authors on this subject, agree 
that the thickest veil covers the process by which the sap is con- 
Terted into the several parts of the plant. But it has been den^n- 
strated, that most, if not all the oxygen emitted by the leaves, is 
obtained by the decomposition of air, instead of water, as here 
stated. If leaves are exposed to the rays of the sun, while under 
common water, they emit oxyg^en. But if the water is first deprived 
of its air, by an air pump, or by boiling, not a particle of oxygen is 
emitted. Now, atmospheric air always contains a quantity of car- 
bonic acid gas, and experiments show that plants give out oxygen, 
in some proportion to the quantity of this gas contained in the water. 
The fact then seems to be, that plants absorb carbonic acid, that 
this is decomposed by some unknown process ; the plant retaining 
the* carbon, while the oxygen is given out.— C. •- 

f It is a curious fact, demonstrated by experiments, that(the leaves 
of plants perform different offices at different periods of the 24 hours. 
During the day they give out water, absorb carbonic acid, and emit 
oxygen gas ; but during the njght they absorb water, and oxygen 
gas, and give out carbonic acid.J--C. 

1267. How do animal and vegetable life mutually support each 
other ? 

12G8. What curums fact is stated of the leaves of vegetables in the 

notef 

1269. What in the organization of nature is particularly suited to the 
ational powers of man" 
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pensations of Providence, to veil the splendor of a glory witn \ducfi 
we should be overpowered. But it is well suited to a rational being 
fVi explore step by step, the works of the creation^ to endeavor to 
connect them into harmonious systems ; and, in a word, to trace, m 
the chain of beings, the kindred ties and benevolent design wfafdi 
unites its various links, and secures its preservation.^ 

Caroline. But of what nature are the organs of ^ants which aie 
endued with such wonderful powers ? 

Mrs. B. They are so minute that their structure, as well as the 
mode in which they perform their functions, generally elude ooi 
examination ; but we may consider them as so many vessels or ap- 
paratus appropriated to perform, with the assistance of the principle 
of life, certain chemical processes, by means of which these vegeter 
ble compounds are generated. We may, however, trace the tannin, 
resins, gums, mucilage, and some other vegetable materials, in the 
organized arrangement of plants, in which they form the bark, the 
wood, the leaves, flowers, and seeds. 

The hark is composed of the epidermis^ the parenchyma, and the 
cortical layers. 

The epidermis is the external covering of tlie plant. It is a thin 
transparent membrane, consisting of a number of slender fibres, 
crossing each other, and forming a kind of net work. When of a 
white glossy nature, as in several species of trees, in the stems of 
corn and of seeds, it is composed of a thin coating of siliceous earth, 
which accounts for the strength and hardness of those long and slen- 
der stems. Sir H. Davy was led to the discovery of the siliceous 
nature of the epidermis of such plants, by observing the ^gulai 
phenomenon of sparks of fire emitted by the collision of rattan canes 
with which two boys were fighting in a dark room. On analyzing 
the epidermis of the cane, he found it to be almost entirely siliceous.* 

Caroline. With iron, then, a cane I suppose, will strike fire very 
easily? 

Mrs. B. I understand that it will. In evergreens, the epidermis 
is mostly resinous, and in some few plants is formed of wax. The 
resin, from its want of afiinity for water, tends to preserve the plant 
from the destructive efifects of violent rains, severe climates, or in- 
clement seasons, to which this species of vegetables is peculiarly 
exposed. 

ilmily. Resin must preserve wood just like a varnish, as it is the 
essential ingredient of varnishes. 

Mrs. B. Yes ; and by this means it prevents, likewise, all un- 
necessary expenditure of moisture. 

The parenchyma is immediately beneath the epidermis ; it is that 

* In the scouring rush, (Equisetum hyemak) the siliceous epide^ 
mis is still more obvious. If drawn across a piece of soil metal, as 
silver or copper, it cuts it like a file. It even makes an impression 
on the hardest steel. — C. 



1270. Of what is bark composed ? 

1271. What is the epidermis ? 

. 1272. In what manner was Sir H. Davy led to discover the siliceoui 
**"*^fe of the epidermis of particular plants.^ 

273. How does resin lend to preserve the plant ? 
4. What ifl the na.rei\oAiom«L> 



What is the parenchyma' 
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gToen rind whieh appears when you strip a branch of aaj tree or 
shmb of its external coat or bark. The parenchyma is not confined 
to the stem or branches, but extends over every part of the pkmt. 
It forms the green matter of the leaves, and is composed of tubes 
filled with a peculiar juice. 

The cortical layers are immediately in contact with the wood ; 
they abound with tannin and gallic acid, and consist of smaU ves- 
sels through which the sap descends after being elaborated in the 
leaves. The cortical layers are annually renewed, the old bark 
being converted into wood. 

A^5. B, That function is performed by the tubes of the alburnum 
or wood, which is iounediately beneath the cortical layers. The 
wood is composed of woody fibre, mucilage, and resin. The fibres 
are disposed in two ways : some of them longitudinally, and these 
form what is called the silver grain of the wo<3. The others which 
are concentric are called the spurious grain. These last are dispo- 
sed in layers, from the number of which the age of the tree may be 
computed, a new one being produced annually by the conversion of 
the bark into wood. The oldest and consequently most internal part 
of Xhe alburnum, is called heart wood ; it appears to be dead, at least 
no vital functions are discernible in it. It is through the tubes of 
the living alburnum that the sap rises. These, therefore, spread 
loto the leaves, and there communicate with the extremities of the 
vessels of the cortical layers, into which they pour their contents. 

Caroline, Of what use, then, are the tubes of the parenchyma, 
since neither the ascending nor descending sap passes through them ? 

Mrs, B, They are supposed to perform the important function of 
secreting from the sap the peculiar jiiices from which the plant 
more immediately derives its nourishment. These juices are very 
conspicuous, as the vessels which contain them are much larger 
than those through which the sap circulates. The peculiar juices 
of plants differ much in their nature, not only in different species of 
vegetables, but frequently in different parts of the same individnal 
plant ; they are sometimes saccharine, as in the sugar-cane, some- 
times resinous as in firs and evergreens, sometimes of a milky ap- 
pearance as in the laurel. 

Emily, I have often observed, that in breaking a yoiing shoot, or 
in bruising a leaf of laurel, a milky juice will ooze out in great 
abundance. 

Mrs. B, And it is by making iticisions in the bark, that pitch, tar, 
and turpentine* are obtained from fir trees. The durability of this 
species of wood is chiefly owing to the resinous nature of its peculiar 

^ Turpentine is obtained as described in the text. But tar and 

Sitch are obtained by a very different method. A conical cavity is 
ug in the earth, at the bottom of which is placed a reservoir. Over 
this are piled billets of fir wood, forming a large pile. The pile is 
covered with turf to smother the fire which is kindled at the top. As 
the wood is heated, and gradually converted into charcoal, the tar is 

1275. Through what does the top ascend ? 

1276. Of what u the wood composed i 
li^nfl. How are the fibres disposed ? 

7278. Of what use are the tubes of the paienehyma? 
1279. How may pitch, tar, and turpentine be obtained ? 
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juices. The volatile oils hare, in a great measure, the same pre86^ 
▼atiye eflbcts, as they defend theparts with which they aiie eonnect- 
ed, from the attack of insects. Tnis tribe seems to hare as great an 
arersion to perfumes, as the human species have delight in them. 
They scarcely ever attack any odoriferous parts of plants, and it is 
not uncommon to see every leaf of a tree destroyed by a blight, 
whilst the blossoms remain untouched. Cedar, sandal, and aU aro- 
matic woods are, on this account, of great durability. 

Emihj. But the wood of the oak, which is so much esteemed for 
its duraoility, has, 1 believe, no smell. Does it derive this quality 
from its hardness alone ? 

Mrs. B. Not entirely ; for the chestnut, though conmdenUI^ hard- 
er and firmer than the oak, is not so lasting. The durability of the 
oak, is, I believe, in a great measure, owing to its having very little 
heart wood, the alburnum preserving its viul functions longer than 
in other trees. 

Caroline, If incisions are made into the alburnum and cortical 
layers, may not the ascending and descending sap be procured in 
the same manner as the pecuhar juice is from the vessel of the pa- 
renchjrma? 

Mrs, B, Yes ; but in order to obtain speconens of these fluids, in 
any quantity, the ei^riment must be made in the spring-, when 
the sap circulates with the greatest energy. For this purpose a 
small bent glass tube should be introduced into the incision, through 
which the sap may flow without mixing with any of the other juices 
of the tree. From the bark the sap will flow much more plentiful- 
ly than ^m the wood, as the ascending sap is much more liquid, 
more abundant, and more rapid in its motion, than that which de- 
scends ; for the latter having been deprived by the operation of the 
leaves of a considerable part of its moisture, contains a much great- 
er proportion of solid matter, which retards its motion. It does not 
appear that there is any excess of descending sap, as none ever ex- 
udes from the roots of plants ; this process, therefore, seems to be 
carried on only in proportion to the wants of the plant, and the sap 
descends no farther, and in no greater quantity than is required to 
nourish the several organs. Therefore, though the sap nses and 
descends in the plant, it does not appear to undergo a real circula- 
tion. 

The last of the organs of plants^ is tl.e fiower, or blossom, which 

driven out, and runs into the cavity, and finally into the reservoir. 
Tarle a mixture oi resin, empyreumatic oil, charcoal, and acetic acid. 
The color is derived from the charcoal. Pitch is made by boiUog 
tar, by which its more volatile parts are driven off. — ^C. 

1280. On what are the durability of cedar, sandal, and all aromttie 
woods depending ? 

1281. On what is the durability of oak depending.' 
1262. Gfwhat is tar said in the note to consist? 

1283. At what time in the year does the sap circulate with most en- 
erffv? 

1284. Why will sap flow more plentifully from the bark than fioffi 
the wood? 

1285. What is the ultimate purpose of nature in the Teeetable crea 
tion? * 
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prodoeeB the/ntUs and seed. These may be considered as the ulti- 
mate purpose of nature in the vegetable creation, ^om fruits ai^ 
seeds animals derive both a plentiful source of immediate nourish- 
ment, and an ample provision for the re-production of the same 
means of subsistence. 

The seed which forms the final products of mature plants, we 
have already examined, as constituting the first rudiments of future 
vegetation. 

These are the principal organs of vegetation, by means of which 
the several chemical processes which are carried on during the lifo 
of the plant are performed. 

Emily, But how are the several principles which enter into the 
composition of vegetables, so combmed by the organs of the plant, 
as to be converted into vegetable matter \ 

Mrs. B. By chemical processes, no doubt ; but the apparatus in 
which they are performed, is so extremely minute as completely to 
elude our examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently composed of water, absorbed by the roots 
and holding in solution the various principles which it derives from 
the soil. From the roots the sap ascends through the tubes of Uie 
alburnum into the stem, and thence branches out tb every extrem- 
ity of the plant. Together with the sap circulates a certain quan- 
tity of carbonic acid, which is gradually disens^aged from the former 
by the internal heat of the plant. 

CaroHne, What ! have vegetables a peculiar heat, analogous to 
animal heat ' 

Mrs. B. It is a circumstance that has long been suspected ; but 
late experiments have decided beyond a doubt that vegetable heat 
is considerably above that of unorganized matter in winter, and be- 
low it in summer. The wood of a tree in its interior, is about sixty 
degrees when the thermometer is at seventy or eighty degrees in 
the air. And the bark, though so much exposed, is seldom below 
forty in winter. 

It is from the sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment; in its |)rogress through the 
plant from the leaves to the roots, it deposits in the several sets of 
vessels with which it communicates, the materials on which the 
growth and nourishment of each plant depends. It is thus that the 
various peculiar juices, saccharine, oily, mucous, acid, and color- 
ing, are formed ; as also the more solid parts, fecula, woody-fibre, 
tannin, resins, concrete salts ; in a word all the immediate materials 
of vegetables, as well as the organized parts of plants, which latter, 
besides the power of secreting these from the sap, for the general 
purpose of the plant, have aiso that of applying tnem to their own 
particular nourishment. 

Emily, But why should the process of vegetation take place only 

1286* How are the several principles which enter into the eompo* 
sition of vegetables so combined by the organs of the plant as to be 
converted into vegetable matter ? 

1287. How does the temperature of vegetables compare with that of 
nnorganized matter ? 

1988. How are the several pieces as well as more solid parts of vsf- 
etabki formed ? 

U 
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tt one season o^the year, whilst a total inaction prerails daring the 
other ? 

Mrs, B, Heat is such an important chemical agent, that its ef* 
feet as such, might perhaps, alone, account for the impulse which 
the Spring gives to vegetation. But, in order to explain the me- 
chanism of Uiat operation, it has been supposed that the warmth of 
Spring dilates the vessels of plants, and produces a kind of vacuum, 
into which the sap (which had remainea in a state of inaction in die 
trunk during the winter) rises; this is followed by the ascent of the 
sap contained in the roots, an.d room is thus maide for fresh sap, 
which the roots in their turn pump up from the soil. This process 
goes on till the plant blossoms and bears fruit, which terminates its 
summer career; but when the cold weather sets in, the fibres aod 
vessels contract, the leaves wither, and are no longer able to per- 
form their office of transpiration ; and as this secretion stops, the 
roots cease to absorb sap from the soil. If the plant be an annual, 
its life then terminates ; if not, it remains in a state of torpid inac- 
tion during the winter, or the only internal motion that takes place 
is that of a small quantity of resinous juice, which slowly rises from 
the stem into the branches, and enlarges their buds during the win- 
ter. 

Caroline. Yet, in evergreens vegetation must continue through- 
out the year. 

Mrs, B, Yes ; but in winter it goes on in a very imperfect man- 
ner, compared to the vegetation of spring and summer. 

We have dwelt much longer on the history of vegetable cbemls* 
try than I had intended ; but we have at length, I think, brought 
the subject to a conclusion. 

Caroline, I rather wonder that you did not reserve the acconnt 
of the fermentations for the conclusion ; for the decomposition of 
vegetables naturally follows their death, and can hardly, it seems, 
be introduced with so much propriety at any other period. . 

Mrs. B, It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation ; every part of 
the subject is so closely connected, and forms such an uninterrupted 
chain, that it is by no means easy to divide it. Had I begun with 
the germination of the seed, which, at first view, seems to be the 
most proper arrangement, I could not have explained the nature aod 
fermentation of the seed, or have described the changes which ma- 
nure must undergo, in order to peld the vegetable elements. Tc 
understand the nature of germination, it is necessary, I think, pre- 
viously to decompose the parent plant, in order to become acquaint- 
ed with the materials required for that purpose. I hope, therefore, 
that, upon second consideration, you will find that the order which 
I have adopted, though apparently less correct, is, in fact, the best 
calculated for the elucidation of the subject. 

1289. Why should the process of vegetation take place only in warm 
weather ? 

1290. What is the condition of vegetables called evergreens, in the 
season of winter ? 

1291. Why was not the fermentation of vegetables reserved for the 
concluding part of what is said on this subject ? 
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CONTERSATION XJOU. 

ON THE COMPOSITION OF ANIMALS* 

Mrs. B. We ha^e now come to the last branch of chemistry, 
which comprehends the most complicated order of compound be- 
ings. This is the animal creation, the history of which, cannot bat 
excite the highest degree of curiosity and interest, though we often 
fidi in attempting to explain the laws, by which it is governed. 

Iknify, But smce all animals ultimately derive their nourishment 
from vegetables, the chemistry of this order of beings must consist 
merely jn the conversion of vegetable into animal matter. 

Mrs. B. Very true ; but the manner in which this is effected is, 
in a ffreat measure, concealed from our observation. This process 
is called animalization, and is performed by peculiar organs. The 
* difference of the animal and vegetable kingdoms does not, however, 
depend merely on a different arrangement of combinations. A new 
principle abounds in the aninud kmgdom, which is but rarely and in 
very small quantities found in vegetables ; this is nitrogen. There 
is likewise in animal substances a greater and more constant pro- 
portion of phosphoric acid, and other saline matters. But these 
are not essential to the formation of animal matter. 

Caroline, Animal compounds contain, then, four frindamental 
principles ; oxygen, hydrogen, carbon, and nitrogen. 

Mrs, B. Yes; and these form the immediate materiab of ani- 
mals, which are gelatine, albumen, and JUnine,* 

Emily, Are those all ? I am surprised that animals should be 
composed of fewer kinds of materials than vegetables : for they 
appear much more complicated in their organization. 

Mrs, B, Their organization is certainly more j^rfect ana mtn- 
cate, and the ingredients that occasionally enter into their compo- 
sition are more numerous. But notwithstanding ^e wondenul 
variety observable in the texture of the animal organs, we find that 
the original compounds, from which all the varieties of animal mat^- 
ter are derived, may be reduced to the three heads just mentioned. 
Animal substances being the most complicated of all natural com- 
pounds, are most easily susceptible of decomposition, as the scale 
of attractions increases in proportion to the number of constituent 
principles. Their analysis is, however, both difficult and imper- 
fect ; for as they cannot be examined in their living state, and are 
liable to alteration immediately after death, it is probable that 
when submitted to the investigation of a chemist they are always 

♦ These are the principal ingredients of the soft parts. But in 
addition to these, animal substances contain coloring matter^ of 
blood, mucous, sulphur, phosphorus, earths, alkalies, oils, acids, resins^ 

and several others which it is unnecessary to specify. — C. 

— _— ^— ^^^— ^.^^— ^— ^— 

1292. What forms the subject of the 23d conversation f 

1293. What is animalization ? 

1294. What do animal compounds contain ? 

1295. What aie the immediate materials of animals.' 

1296. On what account is the analysis of animal oompouada dAffis^all 
and imperfect ? 
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more or leas altered in their combinations and propertied, from whtt 
they were, whilst thev made part of the living anmial. 

Emily. The mere diminution of temperature, which they experi* 
ence by the privation of animal heat, must, I should suppose, be suf 
fieient to derange the order of attractions, that existed during life. 

Mrs. B. That is one of the causes, no doubt ; but there are man) 
other circumstances which prevent us from stadjring the nature m 
living animal substances. We must, therefore, in a consideraUe 
degree, confine our researches to the phenomena of these compounds 
in their inanimate state. 

These three kinds of animal matter, gelatine, albumen, ind 
fibrine, form the basis of all the various parts of the animal system; 
either solid, as the skin, flesh, nerves, membranes, cartilages, and 
hones; or fluid, Mood, chyU, milk, mucous, the gastric and panareatic 
Juices, bile, perspiration, saliva, tears, &c. 

Caroline. Is it not surprising that so great a variety of substances, 
and so different in their nature, should yet all arise from so few ma- 
terials, and from the same original elements ? 

Mrs. B. The difierence in the nature of various bodies depends, 
as I have oflen observed to you, rather on their state of combination, 
than on the materials of which they are composed. Thus, in con- 
sidering the chemical nature of the creation in a general point of 
view, we observe that it is throughout composed of a very smaD 
number of elements. But when we divide it into the three king- 
doms, we find that, in the mineral, the combinations seem to resiut 
from the union of the elements usually brought together ; whilst in 
the vegetable and animal kingdoms, the attractions are peculiarlj 
and regularly produced by appropriate organs, whose action de- 
pends on the vital principle. And we may further observe, that 
by means of certain spontaneous changes and decompositions, the 
elements of one kind of matter become subservient to the repro- 
duction of another : so that the three kingdoms are intimately con- 
nected, and constantly contributing to the preservation of'^eaeh 
other. 

Umly. There is, however, one very considerable class of ele- 
ments, which seem to be confined to the mineral kingdom. I mean 
metals. 

Mrs. B. Not entirely; they are found, though in very minate 
quantities, both in the animal and vegetable kingdoms. A small 
portion of earths and sulphur enters Sso into the composition of 
organized bodies. Phosphorus, however, is almost entir^y confined 
to the animal kingdom ; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

Let us now proceed to examine the nature of the three principal 
materials of the animal system. 

Gelatine or jelly, is the chief ingredient of skin, and of all the 
membranous parts of animals. It may be obtained from these sub- 
stances, by means of boilin? water, under the forms of glue, sixe, 
isinglass and transparent jeUy. 

1297. On what does the difference of nature in various bodies chiefly 
depend ? 

J^. What is gelatine or jelly ? 
1299. From what is it obtained .•» 

•'. Under what forms doe« it exist when obtained > 
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1301. Fjvm what is ike b^M ^w« taSiM^fM ' 
130s2. From what is isin^tsM obtoin^'l ' 

1303. What is the proeeai ftf obtaiiMiHr ipHt«m<» ' 

1304. From frhat is the b«t s^Iatirw V»»«irf^ " 
1305 Fran what w ammonia prodoeM ' 



more or less altered in their combinatioiis and properties, from what 
they were, whilst they made part of the living animal. 

Emily, The mere diminution of temperature, which they experi* 
ence by the privation of animal heat, must, I should suppose, be sof* 
fieient to derange the order of attractions, that existed during life. 

Mrs, B. That is one of the causes, no doubt ; but there are man) 
other circumstances which prevent us from studying the nature, of 
living animal substances. We must, therefore, in a consideraUo 
degree, confine our researches to the phenomena of these compoui^ 
in their inanimate state. 

These three kinds of animal matter, gelatine, albumen, and 
fibrine, form the basis of all the various parts of the animal system; 
either solid, as the shin, flesh, nerves, membranes, cartilages, and 
hones; or fluid, Uood, chyle, milk, mucous, the gastric and pancreatic 
juices, bile, perspiration, saliva, tears, &c. 

Caroline. Is it not surprising that so great a variety of substances, 
and so different in their nature, should yet all arise from so few ma- 
terials, and from the same original elements ? 
' Mrs. B. The difference in the nature of various bodies depends, 
as I have of\en observed to you, rather on their state of combination, 
than on the materials of which they are composed. Thus, in con- 
sidering the chemical nature of the creation in a general point of 
view, we observe that it is throughout composed of a very small 
number of elements. But when we divide it into the three king- 
doms, we find that, in the mineral, the combinations seem to resdt 
from the union of the elements usually brought together ; whilst in 
the vegetable and animal kingdoms, the attractions are peculiarly 
and regularly produced by appropriate organs, whose action de- 
pends on the vital principle. And we may further observe, that 
by means of certain spontaneous changes and decompositions, the 
elements of one kind of matter become subservient to the repro- 
duction of another : so that the three kingdoms are intimately con- 
nected, and constantly contributing to the preservation of each 
other. 

Emily. There is, however, one very considerable class of ele- 
ments, which seem to be confined to the mineral kingdom. I mean 
metals. 

Mrs.B. Not entirely; they are found, though in very minate 
quantities, both in the animal and vegetable kingdoms. A smaD 
portion of earths and sulphur enters also into the composition of 
organized bodies. Phospnorus, however, is almost entir^y confined 
to the animal kingdom ; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

Let us now proceed to examine the nature of the three principal 
materials of the animal system. 

Gelatine or jeUy, is the chief ingredient of skin, and of all the 
membranous parts of animals. It may be obtained from these sub- 
stances, by means of boiling water, under the forms of glue, size, 
isinglass and transparent jelly. 

1297. On what does the difibrence of nature in various bodies chiefly 
^ depend ? 

1298. What is gelatine or jelly ? 

1299. From what is it obtained t 

ttiOO, Under what forms does \t «x\«i ^hen obtained > 
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CaroUne, BmI these are of a very different nature ; they cannot, 
therefore, be all pure gelatine. 

Mrs, B, Not entirely, but very nearly so. Glue* is extracted 
from the skin of animals. Size is obtained either from skin in its 
natural state, or from leatlier. Isinglass is gelatine procured from 
a particular species of fish ; it is, you know, of this substance that 
the finest jelly is made, and this is dohe by merely dissolvine' tiie 
isii^lass in boiling water, ahd allowing the solution to congeal. 

Mmxby, The wine, lemon, and spices, are, I suppose, added only 
to flavor the jelly. 

Mrs, B, Exactly so. 

Caroline, But jelly is oflen made of hartshorn shavings, and of 
calves' feet ; do these substances contain gelatine ? 

Afrs. B, Yes. Gelatine may be obtained from almost any ani- 
mal substance, as it enters more or less into the composition of all 
of them. The process for obtaining it is extremely simple, as it 
consists merely in boiling the substance which contains it with wa- 
ter. — ^The gelatine dissolves in water, and may be obtained of any 
degree of consistence or strength, by evaporating this solution. 
Bones in particular produce it very plentifully, as they consist of 
phosphat of lime, combined or cemented by gelatine. Horns, which 
are a species of bone, will yield abundance of gelatine. The horns 
of the hart are reckoned^ to produce gelatine of the finest quality ; 
they are induced to the^ate of shavings, in order that the jelly may 
be more easily extracted bythe^waters. It is of hartshorn shavings 
that the jellies for invalids are usually made, as they are of very 
easy digestion. 

OiroUne, It appears singular that hartshorn, which yields such 
a powerful ingredient as ammonia, should at the same time produce 
so mild and insipid a substance as jelly ? 

Mrs, B, And (what is more surprising) it is from the gelatine 
of bones that ammonia is produced. You must observe, however, 
that the processes, by which these two substances are obtained from 
bones, are very different. By the simple action of water and heat, 
the gelatine is separated ; but in order to procure the ammonia, or 
what is commonly called hartshorn, the bones must be distilled, by 
which means the gelatine is decomposed, and hydrogen and nitro- 
gen combined in the form of ammonia. So that the first operation 
is a mere separation of ingredients, whilst the sedond requires a 
chemical decomposition. 

Caroline, But when jelly is made from hartshorn shavings, what 
becomes of the phosphat of lime which constitutes the other part of 
bones ? 



* Bones, muscles, tendons, ligaments, membranes, and skins, all 
of them yield glue. But the best is made from the skin of old ani* 
mals.— C. 

1301. From tchat is the best glue extracted f 

1302. From what is isinglass obtained? 

1303. What is the -process of obtaining gelatine ? 

1304. From what is the best gelatine obtained ^ 
1305 From what is ammonia produced ? 

25* 
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Mrs. B. It is easily separated by straiiiiiiff . But the jeDy is afte^ 
wards more perfectly purified, and rendered transparent, by ad^ng 
whites of eggs, which being coagulated by heat, rises to the sur&ee 
along with any impurities. 

J^ufy. I wonder that bones are not used by the common people 
to make jelly ; a great deal of wholesome nourishment mif ht, 1 
should suppose, be procured from them, though the jelly woud pe^ 
haps not be Quite so good as if prepared from hartshorn covings. 

Mrs, B. There is a prejudice among the poor against a species 
of food that is usually thrown to the dogs ; and as we cannot expect 
thera to enter into chemical considerations, it is in some desree ex- 
cusable. Besides, it requires a prodigious quantity ofl fuel to dis- 
solve bones and obtain the gelatine from them. 

The solution of bones in water is greatly promoted by an Sjocn 
mulation of heat. This may be effected by means of an extremely 
strong metallic vessel, called Papin's digester, in which the bones 
and water are enclosed, without any possibility of the steam makisfi 
its escape. A heat can thus be applied mnch superior to that o? 
boiling water ; and bones, by this means, are completely reduced 
to a pulp. But the process stUl consumes too mnch fuel to be gen- 
erally adopted among the lower classes. 

Caroline, And why should not a manufacture be established for 
grindinj? or macerating bones, or at least for reducing them to the 
state of shavings, when, I suppose, thay would dissoTve to readily 
as hartshorn shavings ? 

Mrs, B, They could not be collected clean for such a purpose ; 
but they are not lost, as they are used for making hartshorn, and 
sal. ammoniac ; and such is the superior science and industry of 
this country, that we now send sal. ammoniac to the Levant, though 
it originally came to us from Egypt. 

^ Emily, When jelly is made of isingliiss, does it leave no sedi- 
ment ? 

Mrs. B, No : nor does it so much as require clarifying, as it con- 
sists almost entirely of pure gelatine, and any foreign matter that is 
mixed with it, is thrown off during the boiling in the form of scum. 
These are processes which you may see performed in great perfec- 
tion in the culinary laboratory, by that very able and most useful 
chemist, the cook. 

Caroline. To what an immense variety of purposes chemistry is 
subservient ! 

Emily, It appears, in that respect, to have an advantage over 
most other arts and sciences ; for these very often have a tendency 
to confine the imagination to their own particular object ; whilst the 
pursuit of chemistry is so extensive ana diversified, that it inspires 
a general curiosity and a desire of inquiring into the nature of every 
object. 

Caroline. I suppose that soup is likewise composed of gelatine; 
for when cold, it often assumes the consistence of jelly. 

Mrs. B, Not entirely; for though soups generally contain s 

1306. What becomes of the phosphat <^ lime when jelly is made fnas 
the Bhavings of hartshorn? 

1307. What obstacle is there to converting bones into gelatine kn 

\ For what may bones be advanta^lSQQflly used P 
Of what are soups camposed'^ 
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quantity of the gelatine^ the most essential ingredient is a mncos, ct 
extractiTe matter, a peculiar animal substance, very soluble in wa- 
ter, which has a strong taste, and is more nourishing than gelatine. 
The yarious kinds of portable soup consists of this extractive mat- 
ter in a dry state, which, in order to be made into soup, requires 
only to be dissolved in water. 

Uelatine, in its solid state, is a semiductile, transparent sub- 
stance, without either taste or smell. When exposed to heat, in 
contact with air and water, it first swells, then fuses, and finally 
bums. You may have iseen the first part of this operation perform- 
ed in the carpenter^s glue-pot. 

Caroline, JBut you said that gelatine had no smell, and glue has 
a very disagreeable one. 

Mrs, B, Glue is not pure gelatine : as it is not desigiied for eat- 
ing, it is prepared without attending to the state of the ingredients, 
which are more or less contaminated by particles that have be- 
come putrid. 

Grelatine may be precipitated from its solutions in water by al- 
cohol. — We shall try this experiment with a glass ef warm jelly. — 
You see that the gelatine subsides by the union of the alcohol and 
the water. 

Emihf, How is it, then, that jelly is flavored with wine, without 
producmg any precipitation ? 

Mrs, B. Because the alcohol contained in the wine is already 
combined with water and other ingredients, and is, therefore, not 
at liberty to act upon the jelly as when in its separate state. Gela- 
tine is soluble both in acids and in alkalies ; the former, you know, 
are frequently used to season jellies. 

Caroline, Among the combinations of gelatine we must not for- 
get one which you formerly mentioned ; that with tannin, to form 
leather. 

Mrs, B, True ; but you must observe that leather can be pro- 
duced only by gelatine in a membranous state ; for though pure 
£«latuie and tannin will produce a substance chemically similar to 
father, yet the texture of the skin is requisite to*make it answer 
the useful purposes of that substance. 

The next animal substance we are to examine is albumen : this, 
although constituting a part of most of the animal compounds, is 
frequency found insulated in the animal system ; the whites of 
eggs, for instance, consists almost entirely of albumen : the sub- 
stance that composes the nerves, the serum, or white part of the 
blood, and the curds of milk, are little else than albumen various- 
ly modified. 

In its most simple state, albumen appears in the fi)rm of a trans- 
parent, viscous fluid, possessed of no distinct taste or smell ; it co- 
agulates at the low temperature of 165 degrees ; and when once 
solidified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them capable of coagt* 

1310. How does common glue differ from gelatine ? 

1311. What etkci will alcohol have on gelatine in water ? 

1312. Why will not wine, which contains a portion of aleehol,.pio» 
dace precipitation when put into jelly ? 

1313. What is albumen .^ 

1314. At what temperatuie will it ooagnlate ^ 
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lating albumen in the same manner as heat, as I am going to aL.v 
you. 

Emily. Exactly so. — Pray, Mrs. B., what kind of action is there 
between albumen and silYcr ? I have sometimes observed, that if 
the spoon with which I eat an egg happens to be wetted, it beeomei 
tarnished. 

Mrs, B. It is because the white of an egg (and, indeed, alba> 
men in general) contains a little sulphur, which, at the tempeia- 
ture of an egg just boiled, will decompose the drop of water that 
wets the spoon, and produce sulphuretted hydrogen gas, whidihas 
the property of tarnishing silver. 

We may now proceed to fibrine. This is an insipid and inodorora 
substance, having somewhat the appearance of fine white threads 
adhering together ; it is the essential constituent of muscles, or 
■flesh, in which it is mixed with and softened by gelatine. It is in- 
soluble both in water and alcohol, but sulphuric acid converts it 
into a substance very analogotis to gelatine. 

These are the essential and general ingredients of animal mat- 
ter ; but there are other substances, which though not peculiar to 
the animal system, usually enter into its composition, such as oils, 
acids, salts, &c. 

Animal oil is the chief constituent of fat ; it is contained in 
abundance in the cream of milk, whence it is obtained in the form 
of butter. 

Emily. Is animal oil the same in its composition as. vegetable 
oils ? 

Mrs, B. Not the same but very analogous. The chief diflfe^ 
ence is that animal oil contains nitrog-en, a principle which seldom 
enters into the composition of vegetable oils, but never in so large 
a proportion. 

There are few animal acids, that is to say, acids peculiar to ani 
mal matter, from which they are almost exclusively obtained. 

The animal acids have triple bases of hydrogen, carbon, and ni- 
trogen : some of them are found native in animal matter ; others 
areproduced during its decomposition: 

Those which we find ready formed, are, — 

The hombic acid, which is obtained from silk-worms. 

The/ormtc acid, from ants. 

The lactic acid, from the whey of milk. 

The sebacic, from oil or fat. 

Those produced during the decomposition of animal substances 
by heat, are the prussic and zoonic acids. This last is produced by 
the roasting of meat, and gives it a brisk flavor. 

Caroline. The class of animal acids is not very extensive 

Mrs, B, No ; nor are they, generally speaking, of great impo^ 

— ■■ ■■ — — ... ^^ — _^ 

1315. Why ts silver tarnished by the white of an egg ? 
1316 What is fibrine ? 

1317. What is the difierence between vegetable and animal oil ? 

1318. What are the bases of animal acids ? 

1319. What are the names of those found in animal substances al- 
ready formed ? 

iSSQ. What are those produced during the decomposition of aol 
mal substances ? 
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tanoe. The prus$ic addj* I think the only one snfficiently inteiest- 
jD^ to require any further comment. It can be formed by an arti- 
ficial process without the presence of any animal matter ; it may 
likewise be obtained from a variety of vegetables, particularly those 
of the narcotic kind, such as poppies, laurel, &c. But it is common- 
ly obtained from blood, by strongly heating that substance veith 
caustic potash ; the alkali attracts the acid from the blood, and forms 
with it a pmssiat of potash. From this state of combination the 
prussic acid can he obtained pure by means of other substances 
which have the power of separating it from the alkali. 

Emify. But if this acid does not exist ready formed in blood, how 
can the alkali attract it from thence ? 

Mrs. B. It is the triple basis only of this acid that exists in the 
blood ; and this is developed and brought to the state of acid, during 
the combustion. The acid, therefore, is first formed, and it after- 
wards combines with the potash. 

Emily, Now I comprehend it. But how can the prussic acid be 
artificially made ? 

Mrs. B. By passin? ammoniacal gas over red hot charcoal ; and 
hence vce learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbon. The two first are derived from the volatile 
alkali, the last from the combustion of the charcoal. f 

Caroline. But this does not accord with the system of oxygen be- 
ing the principle of acidity. 

Emihf. The coloring matter of Prussian blue is called an acid, 
because it unites with alkalies and metals, and not from any other 

* Prussic acid can be obtained from Prussian blue (prussiat of 
iron) by the following process. Take 4 ounces of Prussian blue, 
pulverize it finely, and mix with it 2 and a half ounces of red oxide 
of mercury (red precipitate) boil the mixture with 12 ounces of wa- 
ter in a glass vessel, frequently stirring it with a stick. Filter the 
solution, which is a prussiat ofmercurt/, and is formed by the trans- 
fer of the prussic acid, from the iron to the mercury. Put this solu- 
tion into a retort, and add to it two ounces of clean iron filings and 
six drachms of sulphuric acid, and distil off two and a half ounces of 
prussic acid. This process requires a good apparatus, and ought not 
to be undertaken by any one who has not a Imowledge of practical 
chemistry. The fumes during the distillation ought carefully to be 
avoided as poisonous. Prussic acid has of late been much used in 
medicine, as a remedy, in consumption, hooping cough, &c. — C. 

f The basis of prussic acid, has of late years, been ascertained 
by M. Gray-Lussac, to be a combination of azote and carbon, which 
he has called cyanogen. This compound, when combined with hy- 
drogen, forms prussic acid, or as it is now called, hydro-cyanic acid. 
Pure cyanogen, in the state of gas, may be obtained from' prussiat 
of mercury by distillation. 

132V. How is prussic acid obtained ? 

1322. IIow is it mentioned in the note that prvssie acid can be otftaimd 
Jrom Prussian live ? 

13215. Docs this acid exist already formed m the blood? 

I:-24. How is it ascertained that the constituents of proMic acid aio 
hydrogen, and nilrogrn, and carbon ? 
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diaracteristic properties of adds ; perhaps the Dame is not strictly 
appropriate. But this circamstance, together with some others of 
the same kind, has induced several chemists to think that oxyg«Q 
may not be the exclusive generator of acids. Sir H. Davy, I hare 
already informed you, was led by his experiments on dry adds to 
suspect that water might be essential to aciditj. And it is the 
opinion of some chemists that acidity may possibly depend rather 
on the arrangement than on the presence of any partictdar princi- 
ples. But we have not yet done with the prussic acid. It has a 
strong affinity for metallic oxyds, and precipitates .the solutions of 
iron in acids of a blue color. This is the Prussian blue, or prussiat 
of iron, so much used in the arts, and with which I think you must 
be acquainted. ' 

, Emily, Yes, I am ; it is much used in painting, both in oil and in 
water colors ; but it is not reckoned a permanent oil color. 

Mrs, B, That defect arises, I believe, in general, from its being 
badly prepared, which is the case when the iron is not so fully oxy- 
dated as to form a red oxyd. For a solution of green oxyd of iron 
(in which the metal is more slightly oxydated) makes only a pale 
green, or even a white precipitate, with prussiat of potash ; and this 
gradually changes to blue by being exposed to the air, as I can im- 
mediately show you. 

Caroline, It already begins to assume a pale blue color. Bat 
how does the air produce this change ? 

Mrs, B, By oxydating the iron more perfectly. If we pour sosae 
nitrous acid on it, the blue color will be immediately produced, as 
the acid will yield its oxygen to Uie precipitate, and mlly saturate 
it with this principle, as you shall see. 

Caroline, It is very curious to see a color change so instantane- 
ously. 

Mrs, B. Hence you perceive that Prussian blue cannot be a per* 
manent color, unless prepared with red oxyd of iron, since by ex- 
posure to the atmosphere it gradually darkens, and in a short time 
IS no longer in harmony with the other colors of the painting. 

Caroline, But it can never become darker by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd* is per- 
fectly saturated. 

Mrs, B. Certainly not. But in painting, the artist, not reckon- 
ing upon partial alterations in his colors, gives his blue tints that 
particular shade which harmonizes with the rest of the picture. If, 
afterwards, those tints become darker, the harmony of the coloring 
must necessarily be destroyed. 

Caroline, Pray of what nature is the paint, called carmine ? 

Mrs, B, It is an animal color, prepared from cochineal, an insect, 
the infusion of which produces a very beautiful red.* 

Caroline, While we are on the suoject of colors, I should like to 
know what ivory black is ? 

* Carmine is obtained by precipitating the coloring matter from 
an infusion of the insect by means of a solution of tin. — C. 

1325. To what opinion was Sir H. Davy led respecting acidity ? 
1396. Why is not Prussian blue a permanent oil color ? 
1327. In what way may Prussian blue be made a permanent color ' 
^328, From what is carmine piepaxed? 
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^ Mrs, B. It is a carbonaceoas substance obtained by the combos- 
f ion of ivory. A more common species of black is obtained from 
the burning of bone. 

CaroUne, But daring the combustion of ivory or bone, the car* 
oon, I should have imagined, must be converted into carbonic acid 
gas, instead of this black substance ? 

Mrs, B, In this and in ihost combustions, a considerable part of 
the carbon is simply volatilized by the heat, and again obtained 
concrete on cooling. This color, therefore, may be c^led the soot 
produced by the burning of ivory or bone. 



CONVERSATION XXIV. 

ON THE ANIMAL ECONOMT. 

Mrs. B. We have now acquired some idea of the various mate- 
rials which compose the animal system ; but if you are curious .to 
know in what manner these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it will be 
necessary to have some previous knowledge of the nature and func- 
tions of these organs, without which it is impossible to form any 
distinct idea of the process of animaUzatum and nutrition, 

'Caroline, I do not exactly understand the meaning of the word 
animalization. 

Mrs, B. Animalization is the process by which the food is assim^ 
latedy that is to say, converted into animal matter ; and nutrition is 
that by which the food thus assimilated is rendered subservient to 
thepurposes of nourishing and maintaining the animal system. 

Emily, This, I am sure, must be the most interesting of all the 
branches of chemistry ? 

Caroline, So I think ; particularly as I expect that we shall hear 
something of the nature of respiration, and of the circulation of the 
blood ? 

Mrs, B. These functions undoubtedly occupy a most important 
place in the history of the animal economy. Hut I must previously 
give you a very short account of the principal organs by which the 
various operations of the animal system are performed. These are : 

The Bones, 
Muscles, 
Blood vessels, 
Lymphatic vessels. 
Glands, and 
Nerves, 

The bones are the most solid part of the animal frame, and ia 
great measure determine its form and dimensions. You recoUeotj 
suppose, what are the ingredients which enter into their compoeitioi 

1329. How is ivory black made ? 

1.330. What is the subject of the 24th Conversation? ' i 

1 331 . What is nutrition ? 

1332. What are^ the principal orrais by which the ¥8110111 
«f the aninud system are performed f 
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QavUne. Yes; phosphat of lime eemented by gelatine. 

Mrs, B. Diirinj? ihe earliest period of animal life, they oonatt 
almost entirely of gelatinous membrane, having the form of the 
bones, but of a loose spongy texture, the cells or cavities of which 
are destined to be filled with phosphat of lime ; it is the gradual 
acquisition of this salt which gives to the bones their sabseqoeDt 
hardness and durability. Infants first receive it from their motner's 
milk, and afterwards derive it from all animal and from most vege* 
table food, especially farinaceous substances, such as wheat Him, 
which contains it in sensible quantities. A portion of the phosphat. 
after the bones of the infant have been sufficiently expanded dsA 
solidified, is deposited in the teeth, which consist at fi»t only of a 
gelatinous membrane, or case, fitted for the reception of this salt; 
and which, after acquiring hardness within the gum, gradually pro* 
trades from it. 

Caroline, How very curious this is ; and how ingeniously nature 
has provided, for the solidification of such bones as are immediately 
wanted, and afterwards to the formation of the teeth, which woold 
not only be useless, but detrimental in infancy. 

Mrs, B. In quadrupeds, the phosphat of ume- is deposited like- 
vdse in their horns, and the hair or wool with vdiioh they are gen- 
erally clothed. 

In birds it serves also to harden the beaks aild the quills of their 
feathers. 

When animals are arrived to a state of maturity, and their Ixnies 
have acquired a sufficient degree of solidity, the phosphat of lime 
which is taken with the food is seldom assimilated, excepting when 
the female nourishes her young ; it is then all secreted into the 
milk, as a provision for the tender bones of the nursling. 

Emily, So that whatever becomes superfluous in one being, is 
immediately wanted by another; and the child acquires strengtl: 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed an admirable economist ! 

Caroline. Fray, Mrs. B., does not the disease in the bones of 
children, called the rickets, proceed from a deficiency of phosphat 
of lime? 

Mrs. B. I have heard that this disease may arise from two caoa- 
es ; it is sometimes occasioned by the growth of the muscles being 
too rapid in proportion to that of the bones. In this case the weight 
of the fiesh is greater than the bones can suppdrt, and presses upon 
them so as to produce a swelling of the joints, which is the great 
indication of the rickets. 

The other cause of this disorder is supposed to be an imperfect di- 

1333. What are the ingredients that enter into the composition of 
bones } 

1334. What ^ives to bones their hardness and durability f 

1335. What is the state of bones in the early periods of animal lift-' 

1336. Whence is the phosphat of lime necessary in the formation of 
bones obtained ? 

1337. How are teeth formed ? 

1338. What gives the horns of quadrupeds and the beaks and qoilli 
of birds their hardness ? 

1339. When is the phosphat of lime assimilated in adult animalf ' 
idiO. How it the dueiM calM rickets oocaskmed ^ 
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gesdon and asaimilatioD of the food, attended with an excess of acid, 
which counteracts the fonnation of the phosphat of lime. In hoth 
Instances, therefore, care should be taken to alter the child's diet, 
not merely by increasing the quantity of aliment containing phosphat 
of lime, bat also by avoiding all food that is to tnm acid on the 
stomach, and to produce indigestion. But the best preservative 
against complaints of this kind, is, no doubt, good nursins^ ; when 
U child has plenty of air and exercise, the digestion and assimilation 
will be properiy performed, no acid will be produced to interrupt 
these functions, and the muscles and bones will grow together in 
just proportions. 

drokne, I have often heard the rickets attributed to bid nursing, 
but I never could have guessed what connexion there was between 
exercise and the formation of the bones. 

^ Mrs, B, Exercise is generally beneficial to all the animal func- 
tions. If man is destined to labor for his subsistence, the bread 
which he earns is scarcely more essential to his health and preser* 
vation than the exertions by which he obtains it. Those whom the 
gi![i& of fortune have placed above the necessity of bodily labor, 
are compelled to take exercise in some mode or other, and when 
they cannot convert it into amusement, they must submit to it as s 
task, or their health will soon experience the effects of their indo- 
IcQQce. 

JEhnily, That will never be my case ; for exercise, unless it be- 
comes fatigue, always gives me pleasure ; and so far from being a- 
task, is to me a source of daily enjoyment. I often think what a 
blessing it is, that exercise, which is so conducive to health, should 
be so delightful ; whilst fatigue, which is rather hurtful instead of 
pleasure, occasions rather painfyl sensations. So that fatigue, no 
doubt, was intended to moderate our bodily exertions, as satiety puts 
a limit to our appetites. 

Mrs, B, Certainly. — But let us not deviate too far from our sub- 
ject. The bones are connected together by ligaments, which con- 
sist of a white, thick flexible substance, adhering to their extremi- 
ties so far as to secure the joints firmly, though without impeding 
their motion. And the joints are, moreover, covered by a solid, 
smooUi, elastic white substance, called cartilage, the use of which 
is to allow, by its smoothness and elasticity, the bones to slide easi- 
ly OTcr one another, so that the joints may perform their office with- 
out difficulty or detriment. 

Over the bones the mtLsdes are placed ; they consist of bundles of 
fibres, which terminate in a kind of string, or ligament, by which 
they are fastened to the bones. The muscles are the organs of mo- 
tion ; by their power of dilation and contraction, they put into ac- 
tion the bones which act as levers in all motions of the body, and 
form the solid support of its various parts. The muscles are of va- 
rious degrees of strength or consistence, in different species of ani- 
mals. The mammiferous tribe, or those that suckle their young, 
seem, in this respect, to occupy an intermediate place between biroii, 
and cold-blooded animals, such as reptiles and fishes. 

Ernily, The different degrees of firmness and solidity in the mot- 

1341. What precaution may be taken against this disease? 

1342. How are the bones of an animal system confined logstl 

1343. By what are the joints covered ? 
J344. B; wbaiaie the tegans of fflotioiif 

86 
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des of these several species of animals, proceed, I imagine, from the 
difiereat nature of the food on which thejrsnbssst. 

Mrs. B. No, that is not sapposed to he the case ; for the humaa 
species, who are of the maxnmiferous tribe, live on mors substan- 
tial food than birds ; and yet the latter exceed them in muscular 
strength ; but let us now proceed in the examination of the animal 
functions. 

The next class of organs is that of the vessels of the body, the of- 
fice of which is to convey the various fluids throughout the frame. 
These vessels are innumerable. The most oonsidmraUe of them are 
those through which the blood circulates, which are of two lands; 
the arteries which convey it from the heart to the extremities of the 
body, and the veins which 'bring it back into the heart. 

Besides these, there are a numerous set of small transparent ves- 
sels, destined to absorb and convey diflferent fluids into the blood ; 
they are generally called the absorbeni or lympkaiic vessels ; but it 
is to a portion of them only, that the function of conveying into the 
blood the fluid called lymph is assigned. 

Emily, Pi^ what is the nature of that fluid ? 

Mrs. B, The nature and use of the lymph have, 1 believe, never 
been perfectly ascertained ; but it is supposed to consist of matter 
that has been previously animalized, and which afler answering the 
purpose for wliich it was intended, must, in regular rotation, make 
way for the fresh supplies produced by nourishment. The lympha- 
tic vessels pump up this fluid from every part of the system, and 
convey it into the veins to be mixed with the blood which runs 
through them, and which is commonly called venous blood. 

Caroline. But does it not again enter into the animal system 
through that channel ? 

Mrs, B, Not entirely : for the venous blood does not return into 
the circulation until it has undergone a peculiar change, in which 
it thro.vs off whatever is become useless. 

Another set of absorbent vessels pump up the chyle from the 
stomach and intestines, and convey it, afler many circumvolutions, 
into the g -eat vein near the heart.* . 

Emily. Pray, what is chyle ? 

Mrs, B, It is the substance into which food is converted by di- 
gestion. 

Caroline, One set of the absorbent vessels, then, is employed in 
bringing away the old materials which are no longer fit for use : 
whilst the other set is busy in conveying into the blood the new ma- 
terials that are to replace them? 

* This is a mistake. The chyle is conveyed into the trunk of the 
absorbent system, called by anatomists the thoracic duct. This runs 
in a serpentine direction along the internal side of the back bone, up 
to the subclavian vein, which lies under the collar bone. Into this 
vein the chyle is discharged, and mixes with the blood, and before 
it reaches the heart, it is converted into blood itself.— C!. 

1345. For what purpose are the arteries ? 

1346. For what purpose are the veins? 

1347. For what purpose are lymphatic vesaels ^ 

1348. What is chyle ' . ". 
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Ermkj, What a great yariety of ingredients most enter into the 
somposition of the blood. 

Mrs, B, You must observe that there is also a great variety of 
substance^ to be secreted from it. We may compare the blood to 
a general receptacle or storehouse for all kinds of commodities, 
which are afterwards fashiuaed, arranged, and disposed of, as cir- 
cumstances require. 

There is another set of absorbent vessels in females, which is des- 
tined to secrete milk for the nourishment of the young. 

Emily. Pray, is not nuik very analogous in its composition to 
blood; for, since the nursling derives its nourishment from that 
source only, it must contain every principle which the animal sys- 
tem requires. 

Mrs. B, Very true. Milk is found, by its analysis, to contain the 
principal materials of animal matter, albumen, oil, and phosphat of 
lime ; so that the suckling has but little trouble to digest and assim- 
ilate this nourishment. But we shall examine the composition of 
milk more fully afterwards. 

In many parts of the body, numbers of small vessels are collected 
together in little bundles called ghmds, from a latin word, meaning 
acorn, on account of the resemblance which some of them bear in 
shape to that fruit. The function of the glands is to secrete or sep- 
arate certain matters from the blood. 

The secretions are not only mechanical, but chemical separations 
from the blood ; for the substances thus formed, though contained 
in the blood, are not ready combined in that fluid. The secretions 
are of two kinds ; those which form peculiar animal fluids, as bile, 
tears, saliva, &c. ; and those which produce the general materials 
of the animal system, for the purpose of reeroiting and nourishing 
the several organs of the body; such as albumen, gelatine, and 
fibrine , the latter may be distinguished by the name of nutritive 
secretions. 

Caroline. I am quite astonished to hear that all the secretions 
should be derived from the blood. 

yjmikj, I thought that the bile was produced by the liver. 

Mrs. B. So it is; but the liver is nothing more than a very large 
gland which secretes the bile from the blood. 

The last of the animal organs which we have mentioned are the 
vjerves ; these are the vehicles of sensation, every other part of the 
body being, of itself, totally insensible. 

Caroline. They must, then, be spread through every part of the 
frame, for we are every where very susceptible of feeling. 

EimxLy. Excepting the nails and the hair. 

Mrs. B, And those are almost the only parts in which nerves 
cannot be discovered. The comn^n source of all the nerves is the 
brain ; thence they descend, some of them through different aper- 
tures in the skull, but the greatest part through the back bone, and 
extend themselves by innumerable ramifications throughout the 

1349. To what may blood be compared ? 

1350. Of what does milk consist ? 

1351. FVom what do the glands derive their name ? 

1352. What is their use .' 

1353. How many kinds of seoretions are there, and what aje they 

1354. What aie the nerves } 

1355. What is the common source of the nenea> 
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whole body. They Bpread tliemee1*efi over the thubcIes, penetrate 
the g)3inds, wind round tlie vasoular sysiem, and even pien% inU 
the interior of the booea. It is moet [irobihle ihTougli them thu 
the oommunicBtion is carried on between the mind and the other 
pan* of the bod; ; but in what ma.nner they are a^ted on by the 
mind, tuid made lo re-act on the hodj, is alill a profoand seortt. 
Many hypolheseB have been farmed on this vary obacoxe mibjecl, 
but they ate all etjiially improbable, and it would be useless far us 
to waste our time in eonjeclures on an inquiry, which in all pnibt- 
bilily is beyond the reach of human capacity. 

Caroline. But you have not mentioned IhoEe particnlar nertea 
th&t form iJie senses of bearins , seeing, ametling, and lasting ! 

Mrs. B. They are considered as being of the same Daiuie as thote 
which are dispersed over every part of Ihe body and constitute ibo 

Seoeral sense of feeling. The different sensations which they fro- 
uce, arise from their peculiar situation and connexian with tha 
several organs of taste, smelt, and hearing. 

Emily. But these senses appear totally diSerent from that of Ibel- 
ing. 

Mrt. B, They are all of them sensations, but variously modifiM 
according to the nature of the (iifferent organs in which the nervw 
ue situated. For, as we have formerly observed, it is by eonlut 
only that the nerves are affected. Thus odoriferous particles miat 
Mtilte upon the nerves of the nose, in order to excite the seme of 
smelling ; in the same manner that taste is produced by the putio- 
ular substance coming in contact with the nerves of the tongM. 



is thus, also, fhat Ihe sensation of sound is produced by II 
cusaioD of the air striking against the auditory nerve ; and sight b 
the effect of the light falling upon the optic nerve. These vaiiow 
senses, therefore, are affected nnly by the actual contact of the pH- 
ticles of matter in the same maimer as that of feeling-. 

The different organs of the animal body, though easily separaleil, 
and perfectly distinct, ^re loosely connected logelber by a kind of 

So-^^y substance, in texture somewhat resembling oet-work, c»lied 
e cellular membrane ; and Ihe whole is covered ny the skin. 
The ikin, as well aa the bark of vegetables, is formed of thru 
coats. The esternal one is called the cuHcU or eptihrmit; ibeseo- 
(uid, which is called the mvcota manbranr, is of a thin, soft lellm, 
and consists of a mucous sobstance, which in negroes is black) ■n' 
is the cause of their skin appearing of that color. 

Caroline. Jb then the eiternal skio of negroes while like oniti 
Mrs. B, Yes ; but aa the cuticle ia transparent, as well as poraoi, 
the blackness of the mucous membrane is visible through it. Tlia 
extremities of the nerves are spread over this skin, bo that the wi- 
SBlion of feeling is transntilted through the cuticle. The inmnl 
covering of the muHcles, which is properly the skin, is the ihiciiE*< 

135C. How are the nerves mode Bubaervient to the purposes of teu- 
ing, seeing, smelling, and tastiogf 

1357. By what are Uie differejit part! of the sjiimal body conoeclrd 

135S. Of how many coats is the (kin formed, and what are ibfy 



1350. Where is Ihe i 
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the tooghest, and the most resisting of the whole ; it is this mem- 
brane which is so essential in the arts, by forming leather when 
combined with tannin. 

The skin which covers the animal body, as well as those mem- 
branes that form the coats of the vessels, consists almost exclusive- 
ly of gelatine ; and is capable of being converted into glue, size> or 

The cavities between the muscles and the skin are usually filled 
with fat, which lodges in the cells of the membranous net before 
mentioned, and gives to the external form (especially in the human 
figure,) that roundness, smoothness, and softness, so essential to 
beauty. 

Enuty, And the skin itself, is, I think, a very ornamental part of 
the human frame, both from the fineness of its texture, and the va- 
riety and delicacy of its tints. 

Mrs. B.^ This variety, and harmonious gradation of colors, pro- 
ceed, not so much from the skin itself, as from the internal organs 
which transmit their several colors through it, these tints being only 
softened and blended by the color of the skin, which is uniformly of 
a yellowish white. 

Thus modified, the darkness of the veins appears of a pale blue 
oolor, and the floridness of the arteries is changed to a delicate pink. 
In the most transparent parts, the skin exhibits the bloom of the 
rose, whilst, where it is more opaque, its own color predominates ; 
and at the joints, where the bones are most prominent, their white- 
ness is often discernible. In a word, every part of the human frame 
seems to contribute to its external ornaCment ; and this not merely by 
producing a pleasing variety of tints, but by a peculiar kind of beau- 
ty which belongs to each individual part. Thus it is to the solidity 
auid arrangemieut of the bones that the human figure owes the gran- 
deur of its stature, and its firm and dignified deportment. The mus- 
cles delineate the form, and stamp it with energy and grace, and 
the soft subst-ance which is spread over them, smooths their rug- 
gedness, and gives to the contour the gentle undulations of the line 
of beauty. Every organ of sense is a peculiar and separate orna- 
ment ; and the skin, which polishes the surface, and gives it that 
charm of coloring, so inimitable by art, finally conspires to render 
the whole the fairest work of the creation. 

But now that we have seen in what manner the animal frame is 
formed, let us observe -how it provides for its support, and how the 
several organs, which form so complete a whole, are nourished and 
maintained. 

This will lead us to a more particular explanation of the internal 
organs ; here we «hall not meet with so much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
view ; but the beauty of design, in the internal organization of the 
aAimal frame, is, if possible, still more remarkable than that of the 
external parts. 

We shall defer this subject till our next interview. 

1361. Of what does the skin consist.' 

1362. On what is the human complexion or color depending besides 
the skin ? 

26» 
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COIfVBRSATION XXV. 

ON ANIMALISATION, NUTRITION, AND RESPIBATION. 

Mrs» B. We have now learnt of what materials the animal gy»- 
tern is composed, and have formed some idea of the natare of its or- 
ganization. In order to complete the subject, it remains for us to 
examine in what manner it is nourished and supported. 

Vegetables, we have observed, obtain their nourishment from v&* 
rious substances, either in their elementary state, or in a veryjahft- 
pie state of combination ; as carbon, water, and salts, which they 
absorb from the atmosphere. 

Animals, on the contrary, feed on substances of the most compli- 
oated kind ; for they derive their sustenance, some from the animal 
creation, others from the vegetable kingdom, and some from both. 

Caroline, And there is one species of animals, which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
the art of combining them together in a thousand ways, and of reo- 
dering even the mineral kingdom subservient to its refinements. 

Emily, Nor is this all ; for our delicacies are collected from the 
yarious climates of the earth, so that the foar quarters of the globe 
are oflen obliged to"* contribute to the preparation of our simplest 
dishes. 

Caroline, But the very complicated substances which constitute 
the nourishment of animals, do not, I suppose, enter into the system 
in their actual state of combination > 

Mrs, B. So far from it, that they not only undergo a new arrange- 
ment of their parts, but a selection is made of such as are most 
proper for the nourishment of the body, and those only enter into 
the system, and are animalised. 

Emily. And by what organs is this process performed ? 

Mrs, B. Chiefly by the stomach, which is the organ of digestion, 
and the prime regulator of the animal frame. 

Digestion is the first step towards nutrition. It consists in redo- 
oing into one homogeneous mass the various substances that are 
taken as nourishment ; it is performed by first chewing and mixing 
the solid aliment with the saliva, which reduces it to a soft mass, in 
which state it is conveyed into the stomach, where it is more com- 
pletely dissolved by the gastric juice. 

This fluid (which is secreted into the stomach by appropriate 
glands) is so powerful a solvent, that scarcely any substances will 
resist its action. 

Emily, The coats of the stomach, however, cannot be attacked 
by it, otherwise we should be in danger of having them destroyed 
when the stomach was empty. 

1363. What is the subject of the 25th conversation } 

1364. Do the substances which constitute the nourishmen of Ania«di> 
enter into their system, in their actual state of combination 

1365. Where is the digestion performed ^ 

1366. What is the first operation in digestion ? 

1367. What office is performed by the gastric juice : 
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Mrs, B, ThejT are piobaUy not subject to its antion ; as lonff , at 
least, as life continues. But it appears, that when the gastric Tnioe 
nas no foreig^n substance to act upon, it is capable of occasiomnj^ a 
degree of irritation in the coats of the stomacn, which produces the 
sensation of hunger. The gastric juice, together with the heat and 
muscular action of the stomach, conveils the aliment into an uni- 
form, pulpy mass, called chyme. This passes into the intestines, 
where it meets with the bile and some other fluids, by the agency of 
which, and by the operation of other causes hitherto unknown, the 
chyme is changed into chyle, a much thinner subbtance, somewhat 
resembling milk, which is pumped by immense numbers of small 
absorbent vessels spread over the internal surface of the intestines. 
These, after many circumvolutions, gradually meet and unite into 
lar^e branches, till they at length coUect the chyle into one vessel, 
which pours its contents into the great vein near the heart, bjF^which 
means the fcod, thus prepared, enters into the circulation. 

Cqroline, But I do not yet clearly understand how the blood 
thus formed, nourishes the* body and supplies all the secretions ? 

Mrs. B, Before this can be explained to you, you must first allow 
me to complete the formation of the blood. The chyle may, indeed, 
be considered as forming the chief ingredient of blood : but this fluid 
is not perfect until it has passed through the lungs, Bnd undergone 
(together with the blood that has already circulated) certain necefr- 
sary changes that are eflleoted by respiration. 

Caroline, I am very glad that you are going to explain the n^* 
tore of respiration : I have often longed to understand it ; for though 
we talk incessantly of breathing, I neVer knew precisely what pur- 
pose it answered. 

Mrs. B. It is, indeed, one of the most interesting processes ima- 
ginable ; but in order to understand this function well, it will bo 
necessary to enter into some previous explanation. Tell me, Em- 
ily, what do you anderstand by respiration ? 

EmUy. Respiration, I conceive, consists simply in alternately 
tTurmnnp- air into the lungs, and expiring it from them. 

Mrs. jB, Your answer will do very well as a general definition. 
But, in order to form a tolerably clear notion of the various phe- 
nomena of respiration, there are many circumstances to be taken 
into consideration. 

In the first place, there are two things to be distinguished in res- 
piration, the mechanical and the chemical part of the process. 

llie mechanism of breathing depends on the alternate expansion* 
and contractions of the chest, in which the lunffs are contained. 
When the chest dilates, the cavity is enlarged, and the air rushes in 
at the mouth, to fill up the vacuum fi^rmed by this dilation ; when 
it contracts, the cavity is diminished and the air forced out again. 

1368. How is the sensation of hunger produced ? 

1369. At what state of snimalization is the aliment called cbjrmt/ 

1370. Into what is it next changed r 

1371 . How does chyle diflSsr from chyme ? 

1372. What forms the chief ingredient of blood P 

1373. What is respiration ? 

1374. On what depends the mechanism of breathing ? 

1375. What takes plaee when the ebest dilates ? 

1376. What takes place when it eontraeti f 
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Carohne. I thought that it was the longs that contracted and ex- 
panded in breathing-. 

Mrs. B. They do likewise ; but their action is only the conse 
quence of that of the chest. The lungs, together with the heart s^d 
largest blood vessels, in a manner ml up the cavity of the chest; 
they could not, therefore, dilate, if the chest did not previously ex- 
pand ; and, on the other hand, when the chest contracts, it oom- 
piesses the lungs, and forces the air out of them. 

Caroline, The lungs, then, are like bellows, and the chest is the 
power that works them. 

Kg. 36. 

Mrs. B. Precisely so. Here is a curious Apparatu* to niuitratetbeiiw- 
little figure which will assist me in ex- chanUm^eathisi. 
plaining the machanism of breathing. 

Caroline. What a droll figure ! a little 
head fixed upon a glass bell, with a blad- 
der tied over the bottom of it. 

Mrs. B. You must observe that there is 
another bladder within the glass, the neck 
of which communicates with the mouth of 
the figure — this represents the lungs con- 
tained within the chest ; the other bladder, 
which you see is tied Idose, represents a 
muscular membrane, called the diaphragm, 
which separates the chest from the lower 
part of the body. By the chest, there- 
fore, I mean that large cavity in the upper 
part of the body contained within the ribs, 
the neck, and the diaphragm ; this mem- 
brane is muscular, and capable of contrac- 
tion and dilatation. The contraction may 
be imitated by drawing the bladder tight 
over the bottom of the receiver, as I can 
easily do by squeezing it in my hand, when 
the air in the bladder, which represents 
the lungs wiU be forced out through theA-A;^'„-^,';^^;^B.Bl.dd«,jj- 

mouth of the figure. — representing the Diaphragm. 

Emily. See, Caroline, how it blows the flame of the candle in 
breathing! 

Mrs. B. 5y letting the bladder loose again, we imitate the dila- 
tation of the diaphragm, and the cavity of the chest being enlarged, 
the lungs expand, and the air rushes in to fill them. 

Emihf. This figure, I think, gives a very clear idea of the pro- 
cess of breathing. 

Mrs. B. It illustrates tolerably well, the action of the lungs and 
diaphragm ; but those are not the only powers concerned in the en- 
largement or diminution of the cavity of the chest ; the ribs are also 
possessed of a muscular motion for the same purpose ; they are al- 
ternately drawn in, edgeways, to assist the contraction, andstretch- 

1377. On what does the expansion and contraction oi the lungs de 
pend? 

1378. What part of the body is called the chest ^ 

1379. How woiUd you explain figure 36 P 
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ed <mi, like the h<>opfi of a b^iYel, to contribute to tho dtlflttion ofthe 

chest. 

EJmify, I always «upposed that the 'elevation and depression of 
the ribs were the oonseqoence, not the cause, of breat)iin^. 

Mrs, B, It is exactly the reverse. The muscular action of the 
diaphragm, together with that of the ribs, are the causes of the con- 
tracUon and expansion of the chest ; and the air rushing into, and 
being expelled from the lynffs, are only canseqttences^of those actions. 
CSrohne, I confess that 1 thought the act of breathing be?an hy 
opening the inouth for the air to rush in, and that it was the air 
alone, which, by alternately rushing in and out, occasioned the di- 
lations and contractions of the lungs and chest. 

Mrs. B, Try the exp^eriment of merely opening your mouth : 
the air will not rush in, till by an internal muscular action you pro- 
dace a vacuum — ^yes, just so, your diaph ^.gm is now dilated, and 
ihe ribs expanded. But you will not be able to keep them Ion? in 
that situation. Your lungs and chest are already resuming uieir 
former stale, and expelling the air with which they had just beeir 
filled. This mechanism goes on more or less rapidly ; but, in gen- 
eral, a person at rest and in health will breathe oetween fifteen and 
twenty-five times in a minute. 

We may now proceed to the chemical efiects of respiration ; but, 
for this purpose, it is necessary that you should previously have 
some notion of the circulation of the blood. Tell me, Caioline, 
what do you understand by the circulation of the blood ? 

Caroline. I am delighted that you have come to this subject ; for 
it is one that has long excited my curiosity. But I cannot conceive 
kbw it is connected with respiration. The idea that I have of the 
circulation is, that the blooa runs firom the heart through the veins 
all over the body, and back again to the heart. 

Mrs. B. I could hardly have expected a better definition from 
you : it is, however, not quite correct ; for you do not distinguish 
the arteries from the veins, which, as we have already observed, 
ar^ two distinct sets of vessels, each having its own pecular func- 
tions. The arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the heart. 

This sketch will give you an idea of the manner in which some 
of the principal veins and arteries of the human body branch out of 
the heart, which may be considered as a common centre to both sets 
of vessels. The heart is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dUating itself, for the purposes 
of alternately receiving and expelling the blood, in order to carry 
OD the process of circulation. 

Emity. Why are the arteries in this drawing painted red, and the 
▼mns purple.' 

Mrs. B. It is to point out the difference of the color of the blood 
in these two sets of vess^s. 



1380. What office do the ribs perform ? 

J3dl. What oBOSea the contraction and expansion <^ the chest ? 
1383. How many times will a perron, well, and at rest, breathe in a 
minute .' 

1383. In what manner is jhe circulation of blood carried oa? 

1384. How is the heart described ? 
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Caroline. But if it is the same blood which ik>w8 from the ute' 
lies into the veins, how can its color be changed i 

Mrs, B, This change arises from varioos circfmistances. In the 
first place, during its passage through the arteries, the blood osdeF 
goes a considerable alteration, some of its constituent parts being 
gradually separated from it for the purpose of nourishing the body, 
and of supplying the various secretions. ,In consequence of this, 
the florid arte][ial color of the blood changes by degrees to a deep 
purple, which is its constant color in the'veins. On the other hand, 
the blood is recruited during its return through the veins by the 
fresh chyle, or imperfect blood, which has been produced by ftod; 
and it receives also lymph from the absorbent vessels, as we hsre 
before mentioned. After having undergone these several chaages, 
the blood returns to the heart in a state very difierent from that in 
which it left it. It is loaded with a greater proportion of hydrogen 
and carbon, and is no longer fit for the nourishment of the body, or 
other purposes of circulation. 

Emtlv, And in this state does it mix in the heart with the poie 
fiorid blood which runs into the arteries ? 

Mrs. B. No. The heart is divided into two cavities, or compa^ 
titions, called the right and left ventricles. The left ventricle is the 
receptacle for the pure artenal blood, previous to its circulation; 
whilst the venous, or impure.blood, which returns to the heart afier 
having circulated, is received into the right ventricle, previoos to 
its purification, which I shall presently explain. 

Caroline. I own that I always thous-ht the same blood drcolated 
again and a^n through the body, without undergoing any change. 

Mrs B, Yet you must have supposed that the blood drcolated 
for some purpose. 

Caroline. I knew that it was indispensable to life ; but had no 
idea of its real functions. 

Mrs. B. But now that yon understand that the blood conyeys 
nourishment to every ^art of the body, and supplies the various se- 
cretions, you must be sensible that it cannot constantly answer 
these objects without being proportionally renovated and purified. 

Caroline. But does not the chyle answer this purpose ? 

Mrs. B. Only in part. It renovates the nutritive principles of 
the blood, but does not reUeve it from the superabundance of wa- 
ter and carbon with which it is encumbered. 

Emily. How, then, is this efiected ? 

Mrs. B. By Respiration. This is one of the grand m3r8teries 
which modern chemistry has disclosed. When the venous blood en- 
ters the right ventricle of the heart, it contracts, by its muscubr 
power, and throws the blo9d through a large vessel mto the lungs, 
which are contiguous, and through which it circulates by nullioDSof 

1385. How does the arterial differ from the venous blood.' 

1386. Does the venous blood mix with the arterial in its return to 
the heart ? 

1387. How is nourishment conveyed to different parts of the body? 

1388. How does the chyle serve to renovate and purify the blood? 

1389. How is the bloou reUeved from its superabun&nce of water 
and carbon .' 
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annul ramifications. Here it comes in contact* with the air which 
we breathe. The action of the air on the blood in the Inngs, is in- 
deed concealed from our immediate obserration ; but we are able tor 
form a tolerably accurate judgment of it from the changes which it 
eiKcts, not only in the blood, but also on the air expired. 

The air, after passing throus^h the lungs, is found to contain all 
the nitrogen inspired, but to have lost part of its oxygen, and to 
have a6quired a portion of watery vapor, and of cai^onic acid gas. 
Hence it is inferred, that when the air comes in contact with the 
venous blood in the longs, the oxygen attracts from it the supera- 
bandant quantity of carbon with which it has impregnated itself 
during the circulation, and converts it into carbonic acid. This 
gaseous acid, together with the redundant moisture from the lungsf 
being then expired, the blood is restored to its former purity, that 
is, ta the state of arterial blood, and is thus again enabled to per* 
form its various functions. 

Caroline, This is truly wonderful ! of all that we have yet learn- 
ed, I do not recollect any thing that has appeared to me so curious 
and interesting. I almost beUeve that I should like to study anato- 
my now, though I have hitherto had so disgusting an idea of it.— 
Pray, to whom are we indebted for these beautiful discoveries ? 

Mrs. B, Priestly and Crawford, in this country, and Lavoisier, 
in France, are the principal inventors of the theory of respiration. 
Of late years, the subject has been further illustrated and simplified 
b^ the accurate experiments of Messrs. Allyn and Pepys. Bat the 
stOl more important, and more admirable discovery of the circula- 
tion of the blood, was made long before, by our immortal country- 
man, Hervey. 

Emily, Indeed, I never heard any thing that delighted me so 
much as this theory of respiration. But I hope, Mrs. B., that you 
will enter a little more into particulars before you dismiss so inter- 
esting a subject. We left the blood in the lungs to undergo the 
salutary change ; but how does it thence spread to all the parts of 
the body ? 

Mrs, B. After circulating through the longs, the blood is collect- 
ed into four large vessels, by which it is conveyed into the left ven- 
tricle of the heart, whence, it is propelled to all the difierent parts 
pf the body, by a large artery, which gradually ramifies into mil- 
lions of small iLTteries, through the whole frame. From the extrem- 
ities of these little ramifications, the blood is transmitted to the veins, 

* Not in actual contact. In this case, it is obvious there would 
be nothing to confine the blood and prevent its flowing out. The 
air. cells are separated from the blood vessels by an extremely thin 
fnembrane. — C. 

f The quantity of moisture discharged from the lungs in 24 hours, 
may be computed at eight or nine ounces. 

1390. What effect does respiration have on the air we breathe ? 

1391. What beooowe of the blood when it has become purified in cir- 
ealating through the longs ? 

1392. Who were the inventors of the received theory of respiration? 

1393. Who discovered the circulation of the blood i 

1394. After the blood is punfied in Il;.i lungs, how is it spread to th« 
various parts of the body .' 



wbioh bring it back to the heart and luDgs, to eo round affain md 
again in the manner we have just described. You see, werefoie, 
that the blood actually undergoes two ciroulatione ; the one, throogli 
the lungs, by which it is converted into pare arterial Ubod; the 
other, a general circulation, by which noorishment is convey^ to 
every part of the body ; and these are both equally indispensable to 
the support of animsd life. 

Emily, But whence proceeds the carbon with which the blood is 
impregnated when it comes into the lungs ? 

Mn, B^ Carbon exists to a neater proportion in blood than in 
organized animal matter. The blood, therefore, after supplying its 
various secretions, becomes loaded with an excess of carbon, which 
is carried off* by respiration ; and the formation of new chyle from 
the food affords a constant supply of caibonaceous matter. 

Caroline, I wonder what quantity of carbon may be expelled from 
the blood by respiration in the course of 24 hours ? 

Mrs, B. It appears by the experiments of Messrs. Allyn and Pe- 
pys, that about 40,000 cubic inches of carbonic acid gas, are emit- 
ted from the lungs of a healthy person, daily ; which is equivalent 
to eleven ounces of solid carbon every 24 hours. 

Emily. What an immense quantity ! And pray,, how much of 
carbonic acid gas do we expel from our lungs at each respiration ? 

Mrs. B. The (Quantity of air winch we take into our lungs at 
each inspiration, is about 40 cubic inches, which contains a httie less 
than 10 cubic inches of oxygen ; and of those 10 inches, one eighth 
is converted into carbonic acid gas on passing once through the 
lungs* a change sufficient to prevent air which has only been breath- 
ed once from suffering a taper to bum in it. 

Caroline. Pray, how does air come in contact with the blood in 
the lungs ? 

Mrs. B. I cannot answer this question without entering- into an 
explanation of the nature and structure of the lungs. Yon recol- 
lect that the venous blood, on being expelled from the right ventiide 
enters the lun^ to go through what we call the lesser circulation; 
. the large trunk or vessel conveys its branches out, at its entrance 
into the lungs, into an infinite number of very fine ramifications. 
The wind-pipe which conveys the air from the mouth into the luiis^} 
likewise spreads out into a corresponding number of air vessels, 
which follow the same course as the blood vessels, forming millions 
of very minute air cells. These two sets of vessels are so interwo- 
ven as to ferm a sort of net-work, connected into a kind of spongy 
mass, in which every particle of blood must necessarily come in 
contact with a particle of air. 

*The bulk of carbonic acid gas formed by respiration, is exactly 
the same as that of the oxygen gas which disappears, 

1395. Whence proceeds the carbon with which the blood ia impreg- 
nated on its return to the lungs ? 

1396. What quantity of carbon is expelled from the blood by respi 
ation in 24 hours f 

^ 1397. What is the quantity of air we take into our lungs at each lei- 

piration ? 
1396. How does the air come in contact with the blood in the longs 
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droHne, Bat since the blood and the air are ocmtained in diiSer- 
ent vessels, how can they come in contact ? 

Mrs, B. They act on each other through the membrane which 
forms the coats of these vessels : for although this membrane pre* 
vents the blood and the air from mixing together in the lungs, yet 
it is no impediment to their chemical action on each other.* 

Emity, Are the lungs composed entirely of blood vessels and air 
vessels? 

Mrs, B. I believe they are, with the addition only of nerves and 
of a small quantity of the cellular substance before mentioned, which 
connects the whole into a uniform ma^s. 

Emihf, Pray, why are the lungs always spoken of in the plural 
^lumber ? Are they more than one ? • 

Mrs, B, Yes : for though they form but one organ, they really 
consist of two compartments, called lobes^ which are enclosed in sep- 
arate membranes or bags, each occupying one side of the chest, and 
being in close contact with each other, but without communicating 
together. This is a beautiful provision of nature, in consequence 
of which, if one of the lobes be wounded, the other performs the 
whole process of respiration till the first is healed. 

The blood, thus completed, by the process of respiration, forms 
the most complex of all animal compounds, since it contains not only 
the numerous materials necessary to form the various secretions, 
as saliva, tears, &c., but likewise all those that are required to 
nourish the several parts of the body, as the muscles, bones, nerveis,' 
glands, &c.f 

* It is not absolutely certain that the change which the blood im* 
dergoes in the lungs is entirely owing to the loss of carbon ; since 
experiments show that any animal substance, even the hand, when 
confined in a portion of atmospheric air, lessens the quantity of ox* 
ygen, and produces a corresponding quantity of carbonic acid. It 
IS i>ossible, then, that the carbon produced by respiration, may be 
owing merely to the contact between the air and the lungs.— (J. 

f The process of secretion does not consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; but 
in many instances, entirely new products are formed, no traces of 
which have been detected in the blood. For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phospbat of lime, (a substance composing the basis of the bone,) is 
found in it. It appears, then, that the j^Umds, which are the organs 
of secretion, have the power of producing from the ultimate atoms 
of the blood, the variety of proaucts peculiar to each. Thus, the 
glands situated about the eyes secrete the tears, a saline, pellucid 
fluid ; while the liver secretes from the same source, the bile, a 
greenish, opaque, bitter, and extremely nauseous substance. It is 
most probable that we shall ever remam in profound ignorance, of 
any mode of imitating these operations. — C. 

1399. If the blood and air are contained in separate vessels, how can 
they come in contact? • 

1400. Are the lungs entirely compo»ed of blood and air vessels f 

1401. Why are the longs spoken of in the plural number.^ 

1402. What forms the most complex of all the animal compounds? 

1403. Whalis said of seerethnm the note f 
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Emihf. There seems to be a aingiilar analogy between the blood 
of animalB and the sap of vegetables ; for each of these flaids oon- 
tains the several materials destined for the nutrition of the numeroos 
olass of bodies to which they respectively belopg. 

Mrs. B. Nor is the production of these fluids in the animal and 
vegetable systems entirely different; for the absorbent vessels 
which pump up the chyle nrom the stomach and intestines, may be 
compared to the absorbents of the roots of plants, which sock op 
the nourishment from the soil. And the analogy between the sap 
and the blood, may be still further traced, if we follow the latter hi 
the course of its circulation ; for in the livmg animal we find ever/ 
where organs which are possessed of a power to secrete from the 
blood and appropriate to themselves the ingredients requisite lor 
their support. 

CaroHne. But whence do these organs derive their respectife 
powers ? 

Mrs. B. From a peculiar organization, the secret of which no one 
has yet been able to unfold, fint it must be ultimately by means of 
the yital principle that both their mechanical and chemical powers 
are brought into action. 

I cannot dismiss the subject of circulation without mentioning 
persptratiorif a secretion which is inmiediately connected with it, 
and acts a most important part in the animal economy. 

CaroUne. Is not this secretion likewise made by appropriate 
glands ? 

Mrs. B. No ; it is performed by the extremities of the arteries, 
which penetrate through the skin and tcrrtunate under the cuticle, 
through the pores of which the perspiration issues. When this fluid 
is not secreted in excess, it is insensible, because it is dissolved by 
the air as it exudes from the pores ; but when it is secreted faster 
than it can be dissolved, it becomes sensible, as it assumes its liquid 
state. 

Emily. This secretion bears a striking resemblance to transpira- 
tion of the sap of plants. They both consist of the most fluid parts, 
and both exude from the surface by the extreinities of the vessels 
through which they circulate. 

Mrs. B. And the analogy does not stop there ; for, since it has 
been ascertained that the sap returns into the roots of the plants, 
the resemblance between the animal and vegetable circulation, is 
become still more obvious. The latter, however, is far from being 
complete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animus the blood actually «>- 
culates through every part of the system. 

We have now, I think, traced the process of nutrition, from the 
introduction of the food into the stomach, to its finsdly becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to make on the animal economy 
shall be reserved for our next interview. 



1404. What analogy is there between the blood of animals and veg* 
etables ? 

1405. Whence d(» the several organs derive their rei pecUve powers ' 

1406. How does perspiration take place ? 

1407. When is perspiration inieusMAe? 

1408. When does it become BeiiwbVt^ 
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CONTERSATION XXYI. 

ON iLNIMAI. heat; AND ON VARIOUS ANIMAL PRODUCTS 



Emily. Since oar last interview, I have been thinking much of 
the theory of respiration ; and I cannot help being struck with the 
resemblance which it appears to bear to the process of combustion. 
For in respiration, as in most cases of combustion, the air suffers a 
change, and a portion of its oxygen combines with carbon, produ- 
cing carbonic acid gas. 

Mrs, B. I am much pleased that this idea has occurred to yoo ; 
these two processes appear so very analogous, that it has been sup- 
posed that a kind of combustion actually takes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

Caroline. A combustion in our lungs ! that is a curious idea in- 
deed ! But, Mrs. B., how can you cdl the action of the air on the 
blood in the lungs, combustion, when neither light nor heat are pro- 
duced by it ? 

Emily. I was going to make the same objection. Yet I do not 
conceive how the oxygen can combine with the carbon, and produce 
carbonic acid without disengaging heat ? 

Mrs. B. The fact is that heat is disengaged.* . Whether any 
light be evolved, I cannot pretend to determme ; but that heat is 
produced in considerable ana very sensible quantities is certain ; and 
this is the principal, if not the only source of animal heat. 

Emily. How wonderful that the very process which purifies and 
elaborates the blood, should afford an inexhaustible supply of intei> 
nal heat ! 

Mrs. B. This is the theory of animal heat in its original simplic- 
ity, such nearly as it was first proposed by Black and Lavoisier. It 
appeared equally clear and ingenious ; and was at first generally 
adopted. But it was objected on second consideration, that if the 
whole of the animal heat was evolved in the lungs, it would neces- 
sarily be much less in the extremities of the body, than immediate- 
ly at its source ; which is not found to be the case. This objection, 
however, which was by no means frivolous, is now satisfactorily 
removed by the following consideration : — Venous blood has been 

* It has been calculated that the heat produced by respiration in 
12 hours in the lungs oi a healthy person, is such as would melt 
about 100 pounds of ice. 

1409. What analogy ig there between respiration and combustion ? 

1410. What !« the principal source of animal heat.^ 

1411. What objection has been made to the hypothesis which, as- 
cribes animal hr»at to rpspiration ? 

J412. If the whfile of Hninitl heat is evolved in the lungs, why is it 
not less at the <-x!ienuties («f Jh«^ body tliau at its source .' 
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found by experiment to have less capacUy far heaty than arteral 
blood ; whence it follows that the blood, in gradually passing from 
the arteriaj to the venous state, during the circulation, parts with 
a portion of caloric, by means of which heat is diffused through 
every part of the body.* 

Entdy, More and more admirable ! 

Carmne. The cause of animal heat was always a perfect mys-.'7 

* This is substantially Dr. Crawford*s theory of animal heat : and 
that it is a most beautiml and ingenious one cannot be denied. Sab- 
sequent experiments have, however, proved its fallacy. Dr. Joha 
Davy has shown that the difference of capacity for heat, between the 
two Kinds of blood is much less than was supposed by Dr. Crawford; 
the capacity of arterial being only one per cent, above that of vesoas 
blood. Now it is obvious that this minute difierence cannot accoont 
for animal temperature ; nor is it certain that even this small quan- 
tity of heat is given out of the system. Another objection is the 
result of an experiment of Mr. Brodie. This indeed seems to settle 
the question that animal heat does not depend on any change which 
the blood undergoes in the lungs. He found that on keeping up an 
artificial respiration in the lon^s of a decapitated animal, the blood 
was changed from black to red, and carbonic acid was given out as 
usual ; but that the animal grew cold faster than another dead one, 
where such artificial respiration was not kept up. 

This, it is obvious would be the case, unless heat was caused by 
respiration, as the air forced into the lungs would tend to cool the 
animal. 

Prof. Cooper, of Philadelphia, proposes another theory. "I see 
no material difiiculty," says he, *' in accounting for the production 
of animal heat from the doctrine of latent heat. The fluids of the 
body are incessantly -employed to renew the solids ; when a fluid is 
converted into a solid, heat or caloric is precipitated. This takes 
place every moment very gradually in every part of the system." 

We are ignorant of the train of arguments by which the learned 
Professor supports his theory. But, if on the one hand, the conver- 
sion of a fluid into a solid produces heat, so it is equally well pror- 
ed, that the conversion of a solid into a fluid produces cold. P^ow 
the solid parts of the body, afler being deposited from the fluids, are 
again converted into fluids by the absorbents. This theory, then, 
accounts for the production of heat only when the deposition is 
greater than the absorption, as during the growth of the system. 

From some experiments, made by Mr. Brodie, and Dr. Philip, 
they have been induced to believe that animal temperature depends 
on the influence of the nerves. 

In regard to this theory, it may be observed, that in some instan- 
ces where the nervous influence seems to be suspended, the heat of 
the part remains much the same as in health. 
;^ This subject has excited the attention of the learned and curious 
in all ages, and a great variety of theories have been oflfered to ac- 

1413. What objection is there to Dr. Crawford's theory of animal 
heatf 

1414. What is Professor Cooper's theory of animal heat f 

1415. What was the opinion of Mr. Brodie, and Dr. PJtUh, fin tht 
subjict of animal keatf 
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to me, and I am delighted mth its explanation. Bat, piay, Mrs. B. , 
can you tell me what is the reason of the increase of heat that takes 
place in a fever ? 

JEmify, Is it not because we then breathe quicker, and, therefore, 
more heat is disengaged in the system ? 

Miy. B, This may be one reason : but I should think that the 
principal cause of the heat experienced in fevers, is, that there is no 
vent for the caloric which is generated in the body. One of the 
most considerable secretions is the insensible perspiration ; this is 
constantly carrying off caloric in a latent state ; but during the hot 
stage of a fever, the pores are so contracted, that all perspiration 
ceases, and the accumulation of caloric in the body, occasions those 
bumin; sensations which are so painful. 

Emity, This is, no doubt, the reason why the perspiration which 
often succeeds the hot stage of a fever, affords so much relief. If I 
had known this thieory of animal heat when I had the fever last 
Bonmier, I think I should have found some amusement in watching 
the chemical processes that were going on within me. 

Ckirol nf. But exercise like^yise proiduces animal heat, and that 
must be quite in a di&rent manner. 

Mrs, B, Not so much as you think ; for the more exercise you 
take, the more the body is stimulated, and requires recruiting. For 
this purpose, the circulation of the blood is quickened, the breath 
proportionally accelerated, and consequently a greater quantity of 
caloric evolved. 

Caroline, True ; after running very fast, I gasp for breath, my 
respiration is quick and hard, and it is just then that I begin to feel 
hot. 

Jbhdly, It would seem, then, that violent exercise should produce 
fever. 

Mrs. B. Not if the person is in a good state of health ; for the 
additional caloric is then carried off by the perspiration which suc- 
ceeds. 

Emily , What admirable resources nature has provided for us ! 
By the production of animal heat she has enabled us to keep up the 
temperature of our bodies above that of inanimate objects ; and 
whenever this source becomes too abundant, the excess is carried 
of by perspiration. 

Mrs, B. It is by the same law of nature that we are enabled, in 
all dimatex, and in all seasons, to preserve our bodies of an equal 
temperaf. jie, or at least very nearly so. 

Caroltne, You cannot mean to say that our bodies are of the 
same temperature in summer, and in winter, in England, and in the 
West indies! 

A/i.9. B, Yes, I do ; at least if you speak of the temperature of 

cofijit for it. We have seen none, however, to which insuperable 
objections may not be brought. We must, therefore, at present 
be contented with attributing the production of animal warmth to 
die energies of the vital principle ; leaving it to future generations 
*o determine and define its immediate cause. — C. 

1416. What is the reason of heat in a fever ? 

1417. Why does exercise produce an increase of animal beat' 

1418. Why does not violent exercise produce ftven? 

a7* 
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the blood, and the internal parts of the body : for those iHHch m 
•immediately in contact with the atmosphere, each as ine hands and 
face, will occasionally get wanner, or colder, than the internal or 
more sheltered parts. If you put the bulb of a thermometer m 
your mouth, which is the best way of ascertaining the real tempeia- 
ture of your body, you will scarcely perceive any difierenos m its 
indication, whatever may be the difference of temperature of the 
atmosphere. 

Caroline. And when I feel overcome by heat, I am really not 
hotter than when I am shivering with cold ? 

Mrs. B. When a person in health feels very hot, whether from 
internal heat, from violent exercise, or from the temperature of tlie 
atmosphere, his body is certainly a little warmer than when he feeli 
very cold ; but this difference is much smaller than onr sensatioas 
would make us believe ; and the natural standard is soon restored 
by rest and by perspiration. It is chiefly the external parts that 
are wanner, and I am sure you will be surprised to hear that tlie 
internal temperature of the body scarcely ever descends below 
ninety-five or ninety-six degrees, and seldom attains one hundred 
and four, or one hundred and five degrees, even in the most viokot 
fevers. 

Emiiy. The greater quantity of caloric, therefore, that wereoeire 
from the atmosphere in summer, cannot raise the temperature of 
our bodies beyond certain limits, as it does that of inanimate bodies, 
because an excess of caloric is carried of by perspiration. 

Caroline. But the temperature of the atmosphere, and eonse- 
quently, that of inanimate bodies, is surely never so high as diatof 
animal heat. 

Mrs. B. I beg your pardon. In the East'andWeet Indies, ^d 
sometimes in the southern parts of Europe, the atmosphere is tie- 
quently above ninety-eight degrees, which is the common tem]vera- 
ture of animal heat. Indeed, even in this country, it oocasioually 
happens that the sun's rays, setting full on an object, elevate its 
temperature above that point. 

In illustration of the power which our bodies have to resist the 
efl^ts of external heat. Sir Charles Blagden, with some othef gen- 
tlemen, made several very curious experiments. He remained for 
some time in an oven heated to a. temperature not much inferior to 
that of boiling water, without suffermg any other inconvenience 
than a profuse perspiration, which he supported by drinking plenti- 
fully. 

Emily. He could scarcely consider the perspiration as an incon- 
venience, sinee it saved him from being bakeid, by giving vent to 
the excess of caloric. 

Caroline. 1 always thought, I confess, that it was from the heat 
of the perspiration that we sufiered in summer. 

Mrs. B. You now find that you are quite mistaken. — ^Whenerer 
evaporation takes place, cold, you know, is produced in conse- 
quence of a quantity of caloric being carried on in a latent state; 

1419. Does the degree of animal heat vary with the change of di- 
mnte.' 

1420. How is it that the temperature of the body remains essential- 
ly the same in summer and winter, and in. different cUmates ? 

1421. What experiment was made by Sir Charles Bla|^n npoa 

lU§9UbJ90tf 
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this 18 the case with perspiration, and it is in this way that.it affinrds 
relief. It is on that account^ also, that we are so apt to catch cold^ 
when in a state of profuse perspiration. It is for the same reason 
that tea is most refreshing m summer, though it appears to heat you 
at the moment you drink it. 

EmUy, And in the winter, on the contrary, tea is pleasant on ac- 
count of its heat. 

Mrs. B, Tes ; for we have then to guard rather against a defi- 
ciency than an excess of caloric, and you do not find that tea will 
(Bxcite perspiration in winter, unless dfier dancing, or any other vio- 
lent exercise. 

Caroline, What is the reason that it is dangerous to eat ice after 
dancing, or to drink any thing cold when one is very hot ? , 

Mrs, B, Because the loss of heat arising from the perspiration, 
conjointly with the chill occasioned by the cold draught, produced 
more cold than can be borne with safety, unless you continue to use 
the same exercise after drinking that you did before ; for the heat 
occasioned by the exercise, will counteract the effects of the cold 
drink, and the danger will be removed. Ton may, however, con- 
trary to the common notion, consider it as a rule, that cold liquids 
may at all times be drunk with perfect safety, however hot you may 
fee],* provided you are not at the moment in a state of mat pers- 
piration, and on condition that you keep yourself in genue exercise 
afterwards. 

Emily, But since we are furnished vtdth such resources aeramst 
the extremes of heat and cold, I should have thought that all cli- 
mates would have been ec^ually wholesome. 

Mrs, B. That is true, m a certain degree, in regard to those who 
have been accustomed to them fr^m birui ; for we find that thd* na- 
tives of those climates which we consider the most deleterious, are 
as healthy as oun^lves ; and if such climates are unwholesome to 
those who are habituated to a more moderate temperature, it is be- 
cause the animal economy does not easily accustom itself to consid- 
erable changes. 

Caroline, But, pray, Mrs. B., if the circulation preserves the 
body of an uniform temperature, how does it happen that animals 
are sometimes frozen ? 

Mrs, B, Because, if more heat be carried off by the atmoe^here 
than the circulation c^ supply, the cold will finally prevail, the 

* The common notion on this subject, is certainly the most safe. 
A person heated, and almost exhausted by exercSe M a hot day 
ought never to drink any cold liquid, except in very small quantities 
at a time. Not a summer passes but we hear of deaths by drinking 
cold water after violent exercise. — C. 

1422. Why ase we apt to take cold in a state of proftue perspira- 
tion? 

1433. Why is hot tea refreshing in the warm weather of summer? 

1424. Why is not a qaantity of caloric carried off by the use of hot 
drink in winter, as well as summer .' 

1425. Why is it dangerous to drink cold water when in a state of 
profuse perspiration ? 

1426. If the circulation preserves the body of a uniform temperature, 
how does it happen that animals are sometimes frozen .*' 
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heart wiD eeaae to beat, and the aobnal will be fioaeo. And, ft^ 
wise, if the bodj remaiiied hmp ezpoaed to a degree of heat, gaatat 
than the perspiration ooold eany off, it wouldy at laat, kne tU 
power of r Ptfi i n t H . g its d e a lru c ti te inflncnee. 

Oaroime. Fish, I snppoee, have no aninnl heat, hot only pulikB 
of the temperatore of the water in which thej live.* 

Emify. And their coldness, no doobt, proceeds from dieir lot 
breathing? 

Mrs.B. All kinds offish Ineathe more or leasy though IB a modi 
smaller degree than land animals. Nor aie they entirely destitute 
of animal heat, though, for the same reason, they are moch eoUer 
than other creatnies. They have compaiatirely hot a Teiy m^ 
quantity of blood, therelmre bat Tery little oxygen is' required, and 
* a proportionally smadl quantity of animal heat is geoented. 

Oarotine. But how can fish breathe under water ? 

A&5. B. They breathe l^ means of the air whkh is dissohed ia 
the water ; and u you put them into water, deinriTed of air by boQ- 
ing, they are soon sufibcated. 

If a fish is confined in avessel of water closed from the air,it80oa 
dies ; and any fish put in afterwards, would be killed immediatdy, 
as all the air had been pieYioasly consumed. 

Caroline. Are there any species of animals that Ixreathe more 
than we-do? 

Mrs. B. Yes ; birds, of all animab, breathe the greatest quantity 
of air in proportion to their size; and it is to ttus that they are sap- 
posed to owe the peculiar firmness and strength of their muscles, by 
which they are enabled to sumiort the Tiolent exertion <rf flying. 

This dinerence between birds and fish, which may be considered 
as the two extremes of the scale of muscular strength, is well worth 
observing. Birds, residing constantly with the atmosphere, sur- 
rounded by oxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a greater degree of mus- 
cular strength, whilst the muscles of fish, on the contrary, are flac- 
cid and oily ; these animals are comparatively feeble in their mo- 
tions, and their temperature is scarcely above that of the water io 
which they live. This is, in all probability, owing to their imper- 
fect respiration ; the quantity of hydrogen and carbon, that is in 
consequence accumulated in their bodies, forms the oil which is eo 

* Animals belonging to the order of Cetae of Naturalists, thougii 
they inhabit the sea, breathe atmospheric air, and have hot, red 
blood. This order includes whales, dolphins, narwals, &c. — -C. 

1427. Why are fish colder than land animals ? 

1428. How can they breathe under water? 

1429. How can it he proved that fish cannot live without air ? 

1430. What animals breathe the greatest quantity of air, accordiag 
to their size ? 

1431. To what is the firmness and great strength of muscles in birds 
owinff.? 

14&. To what is the oily nature of fish and amphibious ammsh 
oving ? 
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vtrongly characteristic of that species of animals, and which relaxes 
and sonens the small quantity of fibrine which their mosdes contain. 

paroline. But, Mrs. B., there are some species of birds that fre- 
mient both elei^ientSy.as, for instance, ducks and other water fowL 
Of what nature is^the flesh of these ? 

Mrs. B. Such birds, in general, make but little use of their 
win^ ; if they fly, it is but feebly, and only to a short distance. — 
Their flesh, too, partakes of the oUy nature, and even in taste some- 
times resembles that offish. This is the case not only with the 
various kinds of water fowls, but with all other amphibious animals, 
as the otter, the crocodile, the lizard, &c. 

Caroline, And what is the reason that reptiles are so deficient in 
muscular strength ? 

Mrs, B, It is because they usually live under ground and seldom 
come into the atmosphere. They have imperfect, and sometimes 
no discernible organs of respiration ; they partake, therefore, of the 
soft, oily nature offish; indeed many of ^em are amphibious, as 
frogs, toads, and snakes, and very few of them find any difficulty in 
remaining a length of time under water.* Whilst, on the contrary, 
the insect tribe, that are so strong in proportion to their size, and 
alert in their motions, partake of the nature of birds, air being their 
peculiar element, and their organs of respiration being comparative- 
ly larger than in other classes of animals. 

I have now given you a short account of the principal animal 
functions. However interesting the subject may appear to you, a 
fuller investigation of it would, 1 fear, lead us too far from our ob- 
ject. 

Emify. Yet I shall not quit it without much regret ; for of all the 
applications of chemistry, these appear to me the most curious and 
most interesting. 

Caroline. But, Mrs. B., I must remind you that you promised to 
give us some account of the nature of milk. 

Mrs. B. True. There are several other animal productions that 
deserve likewise to be mentioned. We shall begin with milk, which 
is certainly the most important and the most interesting of all the 
animal secretions. 

Milk, like all other animal substances, ultimately yields by analy- 
sis, oxygen, hydrogen, carbon, and nitrogen. These are combined 
in it under the forms of albumen, gelatine, oil, and water. But milk 
contains, besides, a considerable portion of phosphat of lime, the 
purposes of which I have already pointed out. 

^ Amphibious animals have the power- of suspending respiration 
for a considerable time. It is in consequ«noe of^tl^is, mat they are 
enabled to live under water. — C. 

1433. What is the nature of the flesh of amphibious animals ? 

1434. Why are reptiles so deficient in muscuUr strength ? 

1435. How are amphibioui animals enablid to remain a Umg <Jms 
under water? 

1436. What are the inirredieoto of milk ? 

1437. In what may milk be deoomposed without any chfmiw M- 
sistance? 
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Caroline. Yes ; it is this salt which senres to noarish the teukt 
bones of the suckling. 

Mrs, B, To reduce milk to its elements, would be a Tery compli- 
eated, as well as useless operation ; but this fluid, without any 
chemical assistance, may be decomposed into three parts, cream, 
aardSf and wheu. These constituents of milk have but a yery slight 
i^£ni^ for each other, and you find accordingly that cream sepsr 
rates from milk by mere standing. It consists chiefly of oil, which 
being Ughter than the other parts of the milk, pradually rises to 
the'sur^ce. It is of this, you know, that butter is made, which ii 
nothing more than oxygenated cream. 

CaroUne, Butter, then, is somewhat analogous to the waxy sob 
stance formed by the oxygenation of vegetable oil. 

Mrs, B, Veiy much so. 

Emih/. But is the cream oxygenated by churning ? 

Mrs, B. Its oxygenation commences* previous to churning, mere- 
ly by standing exposed to the atmosphere, from which it absoihe 
oxygen. The process is afterwards completed by churning; the 
violent motion which this operation occasionis, brings every particle 
of cream in contact with the atmosphere, and thus facilitates its 
oxygenation. 

Caroline. But the effect of churning, I have oflen observed in 
the dairy, is to separate the cream into two substances, butter and 
batter-milk. , 

Mrs, B, That is to say, in proportion as the oily particles of the 
cream become oxygenated, they separate from the other constituent 

Sarts of the cream in the form of butter. So by churning you pro- 
uce, on the one hand, butter, or oxygenated oil ; and, on the other, 
butter-milk, or cream deprived of oil. But if you make butter by 
churning new milk instead of cream, the butter-milk will then be 
exactly similar in its properties to cream or skimmed milk. 

Caroline, Yet butter-milk is very different from common skim- 
med milk. 

Mrs. B, Because you know it is customary, in order to save time 
and labor, to make butter from cream alone. In this case, there- 
fore, the butter-milk is deprived of the creamed milk, which contains 
both the curd and whey. Besides, in consequence of the milk re- 
maining exDosed to the atmosphere during the separation of the 
cream, the latter becomes more or less acid, as well as the butte^ 
milk which it jrields in churning. 

Emily, Why should not the nutter be equally acidified by oxy- 
genation ? 

Mrs, B, Animal oil is not so easily acidified as the other ingredi- 
ents of milk. Butter, therefore, though usually made of sour cream, 
is not sour itself, because the oily part of the cr&am had not been 

* It is proper to mention that the oxygenation of cream, which is 
taken for granted in the above theory, is a disputed fact. — C. 

1437. What causes the cream to rise on the top ? 

1438. What is the chemical name of butter? 

1439. Why does churning convert cream to butter ^ 

1440. When separation takes place in the cream, why is the butfipr 
milk sour and the cream sweet? 
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acidified. Butter, however, is susceptible of becominff acid by aa 
excess of oxygen ; it is then said to be rancid, and pr^uces the se- 
badc acid, the same as that which is obtained from fat. 

Bmihf. If that be the case, might not rancid butter be sweetened 
by mixing with it some substance that would take the acid from it? 

Mrs. B. This idea has been suggested by Sir H. Davy, who sup- 
poses that if rancid butter were well washed in an alkaline solution, 
the alkali would se{>arate the add from the butter. 

Caroline. You said just now that creamed milk consisted of curd 
and whey. Pray how are these separated ? 

Mrs. JB, They may be separated by standing for a certain length 
of time exposed to the atmosphere ; but this decomposition may be 
almost instantaneously effected by the chemical agency of a variety 
of substances. Alkahes, rennet,* and indeed almost all animal sub- 
stances, decompose milk by combining with the curds. 

Acids and spirituous liquors on the other hand, produce a decom- 
position by combining with the whey, ^n order, therefore, to ob- 
tain the whey pure, rennet or alkaline substances must be used to 
attract the curds from it. 

But if it be wished to obtain the ciirds pure, the whey must be 
separated by acids, wine, or other sj^irituous liquors. 

Emily!' This is -a very useful piece of information ; for I find 
white-wine whey, which I sometimes take when I have a cold, ex- 
tremely heating ; now, if the whey were separated by means of an 
alkali mstead of wine, it would not produce that e^ct. 

Mrs, B. Perhaps not. But I would strenuously advise you not 
to place too much reliance on your slight chemical knowledge in 
medical matters. I do not know why whey is not separated from 
curd by rennet, or by an alkali, for the purpose which you mention, 
but I strongly suspect that th^re must be some good reason why 
the preparation by means of wine is generally preferred. I can, 
however, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wine ; it is by substituting lemon juice, 
a very small quantity of which will separate it from the curd. 

Whey, as an article of diet, Is very wholesome, being remarkably 
light of'^digestion. But its effect, taken medicinally, is chiefly, I be- 
lieve, to excite perspiration, by he'ms drunk warm on going to bed. 

From whey a substance may be obtained in crystals by evapora- 
tion, called sugar of milk. This substance is sweet to the taste, and 
in its composition is so analogous to common sugar, that it is sus- 
ceptible of undergoing the vmous fermentation. 

* Rennet is the name given to a watery infusion of the coats of 
the stomach of a sucking calf. Its remarkable efficacy in promo- 
ting coagulation \b supposed to depend on the gastric juice with 
which it 18 impregnated. 

1441. What causes butter to become rancid ? 

1442. How may rancid butter be made sweet ? 

1443. How is milk from which the cream has been taken, decompoe- 
ed, or converted into curd or whey ? 

1444. How is pure whey obtained from milk/ 

1445. How is pure curd obtained from it-? 

1446. Why is whey as an article of diet, wholesome? 

1447. How is the sugar of milk obtained ? 
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CkroUne. Why then Is not wine, or alcohol, made from whey* 

Mrs. B. The quantity of sugar contained in milk is so trifling, 
that it can hardly answer that purpose. I haye heard of only one 
instance of its heing used for the production of a spirituous liquor tnd 
this is by tho Tartan Arabs ; their abundance of horses, as wdl as 
their scarcity of fruits, has introduced the fermentation of mares' 
milk, by which they produce a liquor called koumiss. Whey is 
likewise susceptible of being acidified by combining with oxygen 
from the atmosphero. It then produces the lactic aad, whidi yon 
may recollect is classed with the animal acids, as the acid of nulk. 

Let us now see what are the properties of curds. 

Emily. I know that they are made into cheese ; but I have beard 
that for that purpose they are separated from the whey, by the ren- 
net, and yet this you have just told us, is not the method of obtain- 
ing pure curd ? 

Mrs. B. Nor are pure curds so well adapted to the formation of 
cheese. For the nature aod flavor of the cheese depends in a great 
measure, upon the cream or oily matter which is left in the curds; 
so that if every particle of cream be removed from the curds, the 
cheese is scarcely eatable. Rich cheeses, such as Cream and Stil- 
ton cheeses, derive their excellence from the quantity, as well as 
the quality of the cream that enters into their coihposition. 

Caroline. I had no idea that milk was such an interesting com- 
pound. In many respects there appears to me to be a very str&ing 
analogy between milk and the contents of an e§%, both in respect 
to their nature and their use. They are, each of them, composed 
of the various substances necessary for the nourishment of the young 
animal, and equally destined for that purpose. 

Mrs. B. There is, however, a very essential difference. The 
younff animal is formed as well as nourished, by the contents of the' 
effg-shell ; whilst milk serves as nutriment to the suckling, only 
after it is born. 

There are several peculiar animal substances which do not en^ 
ter into the general enumeration of animal compounds, and which, 
however, deserve to be mentioned. 

Spermaceti is of this class ; it is a kind of oily substance obtained 
from the head of the whale, which, however, must undergo a ce^ 
tain preparation before it is in a fit state to be made into candles. 
It is, hot much more combustible than tallow, but it is pleasanter te 
burn, as it is less fusible and less greasy. 

Ambergris is another substance derived from a species of whale. 
It is, however seldom obtained from the animal itself, but is gene- 
rally found floating on the sur&ce of the sea. 

Wiw?, you know, is a concrete oil, the peculiar product of the bee, 
part of the constituents of which may probably be derived from 
flowers, but so prepared by the organs of the bee, and so mixed 
with its own substance, as to be decidedly an animal product. Bees 
wax is naturally of a yellow color, but is bleached by long expo- 
euro to the atmosphere, or may be instantly whitened by the oxy* 

1448. Do pure curds make good cheese ? 

1449. On what does the quantity of cheese depend ? 

1450. From what is spermaceti obtained ^ 

1451. What is ambergris ' 
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muriatic acid. The combustion of wax is &r more perfect than 
that of tallow; and consequently produces a greater quantity of 
light and heat. 

Lac is a substance very similar to wax in the manner of its form- 
ation : it is the product of an insect, which collects its ingredients 
from flowers, apparently for the purpose of protecting its eggs £rom 
injury. It is formed into cells, fabricated with as much skill a« 
those of the honey comb, but differently arranged. The principal 
use of lac is in the manufacture of sealing-wax, and in making 
varnishes and lacquers. 

Musk^ dvet, and castor, are other particular productions from 
different species of quadrupeds. The two first are very powerful 
perfumes ; the latter has a nauseous smell and taste, and is only 
used medicinally. 

Caroline. Is it from this substance that castor oil is obtained ? 

Mrs. B. No. Far from it, for castor oil is a vegetable oil, ex- 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 

Silk is a peculiar secretion of the silk worm, with which it builds 
its nest or cocoon. This insect was originally brought to Emrope 
from China. Silk in its chemical nature is very similar t * the 
hair and wool of animals ; whUst in the insect it is a fluid, whi h is 
coagulated, apparently by uniting with oxygen as soon as it ci mes 
in contact with the air. The moth of the silk-worm ejects a liquor 
which appears to contain a pecuUar acid, called bombic, the proper- 
ties of which are but very Uttle known. 

Emihf. Before we conclude the subject of the animal economy, 
shall we not learn by what steps dead animals return to their ele- 
mentary state ? 

Mrs. B. Animal matter, although the most complicated of all 
natural substances, returns to its elementary state by one single 
spontaneous process, the mitrid fermentaiion. By this, the albu- 
men, flbrine, &c. are slowly reduced to the state of oxygen, hydro- 
gen, nitrogen and carbon ; and thus the circle of changes through 
which these principles have passed is finally completed. They mst 
quitted their elementary form, or their combination with unorgan- 
ized matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kingdom ; and from this they return again 
to their primitive simplicity, soon to re-enter the sphere of organ- 
ized existence. 

When all the circumstances necessary to produce fermentation 
do not take place, animal, like vegetable matter, is liable to a par- 
tial or imperfect decomposition, which converts it into a combusti- 
ble substance very like spermaceti. I dare say that Caroline, who 
is so fond of analogies, will consider this a kind of animal bitumen. 

Caroline. And why should I not, since the processes which pro- 
duce these substances are so similar ? 

Mrs, B, There is, however, one considerable difference ; the state 
of bitumen seems permanent, whilst that of animal substances, thus 
imperfectly decomposed, is only transient; and unless precautions 
be taken to preserve them in that state, a total dissolution infallibly 

1452. How does wax compare with tallow for combustion } 

1453. What is lac > 

1454. What account could you give of silk ? 

1455. How does dead animal matter return \a Hto QA^tAiiMM&^ 
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enmies. This circumstance, of the occasional conrersion of antuil 
matter into a kind of spermaceti, is of late discovery. A manutao- 
ture has in consequence been established near Bristol, in which, by 
exposing the carcasses of horses and other animals for a length of 
time under water, the muscular parts are comrerted into this 8pe^ 
maceti-like substance. The bones afterwards undergo a difieient 
process to produce hartshorn, or more properly, ammonia, and pboB- 
phoTus ; and the skin is prepared for leather. 

Thus art contrives to enlarge the sphere of useful purposes, ibr 
which the elements were intended by nature ; and the prodnctiou 
of the several kingdoms are frequently arrested in their course, and 
variously modified, by human skill, which compels them to oontii- 
bute, under new forms, to the necessities or luxuries of man. 

But all that we enjoy, whether produced by the spontaneous ope- 
rations of nature or the ingenious efforts of art, proceed alike from 
the goodness of Providence. To God alone man owes the admira- 
ble raculties which enable him to improve and modify the prodo^ 
tions of nature, no less than those productions themselves. In con- 
templating the works of the creation, or studying the inventions oi 
art, let us, therefore, never forget the Divine source from whidi 
they proceed ; and thus every acquisition of knowledge will prore 
a lesson of piety and virtue. 



0K8CRIPTION OF THE APHLOGISTIC OR FLAMEI.ESS LAMP. 



BY DR. J. L. COMSTOCK, O^ HARTFORD. 

Aphlogistic or Mameless Lamp, 

In the COB 
struction of this 
Lamp, the ob- 
ject IS to keep a 
coil of wire in a 
state of ignition, 
without either 
flame or smoke. 
The principle 
on which it is 
constructed, I be- 
lieve was first 
discovered by Sir 
H. Davy. Ho 
found that on 
heating the end 
of a piece of 
glass tube pJatina wire red 
containing tlie wick. Fig. S. Tlie Lamp comolete. D. The hot, and mstant- 

ly holding it 
w<&^.r the surface 




Pl«. 1. A. Tlie coU of platina wire. B. The -'- »- platma Wire red 

• igth ---»'-- 
tube for charging. 



1450. What manufacture is Vl metv\ioTk^^>MA t^^tvSX^ >u^tk ^\:s«^ 
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of some ether, placed in a wine glass, the wire was kept at a red 
heat as lohg a^s the experiment was continued. 

Whether Sir Humphrey pursued the subject any further, I am 
not informed. It is most probable, however, that he did not, as it 
is stated in a London paper of the last year, that Prof. Ure, of Glas- 
gow, had determined the circumstances which modify the perform- 
ance of the lamp, and that one constructed by him was in full operar 
tion in that city, (London) and had excited much public curiosity. 
This notice cpntained some directions concerning the size of toe 
wire to be used, and the manner of coiling it. I have, however, 
seen no description of this lamp which would enable one readUr to 
construct it. The following may, therefore, interest such readers 
as have seen an account of so curious a discovery. 

The principle on which the aphlogistic lamp is constructed, in- 
volves two conditions which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a low 
degree of heat, and a metal which is a bad conductor of caloric. 
For the combustible, alcohol seems best suited for this purpose. 
Sulphuric ether, aside from its high price, and disagreeable smell, I 
have sometimes found to fail ; the ignition ceasing without any ob- 
vious cause. 

In regard to the metal, gold and silver, both fail in consequence 
of the rapidity with which they conduct caloric. Silver, too, would 
soon be destroyed by the intense heat. Iron, although so bad a 
conductor, as to remain ignited for a time, soon fails, being convert- 
ed into red oxide. Platina seems to be the only metal adapted to 
our purpose, being a slow conductor 6f caloric, and not easily oxida- 
ted at the highest temperatures. 

This is to be drawn into wire of 56-1000 or 60-1000 of an inch in 
diameter, being about the size of a card, or brass wire, No. 26. 
Experience has shown that this size succeeds better than any other. 
If larger, the heat is carried off too fast and the ignition ceases. If 
much finer, it does not retain sufficient heat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coiling of the wire, and the adjustment of the wick, are the 
most difficult parts of the construction. 

The coil, A. fig. 1, p. 322, is made by winding the wire round a 
piece of wood, cut of the proper size and shape. The size is deter- 
mined by the bore of the glass tube, allowinff for the diameter of 
the wire. The shape is plain cylindrical in that part which enters 
the tube ; and slightly conical where it projects above the tube as 
seen in the figure. (I believe this is the best shape, though I have 
succeeded as well when the coil is of the same shape throughout.^ 

In winding the coil, it is best that the turns of the wire should 
come in contact. Afters ards it is to be gently extended, so as to 
leave the turns as nearly as possible to each other, without touching. 

The diameter of the coil is about one sixth of an mch where it 
enters the tube. Its length half an inch, or a little less, containing 
from twenty to thirty turns of the wire. The projection above the 
tube is about one half the length. 

B. Fig. 1, is a glass tube containing a cotton wick, which by ca- 
pillary attraction carries the alcohol up to the platina coil. The 
length of this is arbitrary, being from one U) \\a^^ ot fe\a 'wnsS^r^. 
The bore is about the sixth of an inch, so aa\iate\^ \o ^xcixSJckfe^vu 
The wick, consisUng of eight or ten t\iteaA«, Sb fcreV ^TV^tiVa^^N^^*' 
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the tube, and then introduced about half way into the coil, so as to 
come even with the top o£ the tube. This requires very nice ad 
jusUnent. If the wick is too high, the wire is rapidly cooled by the 
alcohol, and ignition ceases in a few moments. If too low, the eTap- 
oration by the heat of the wire is insufficient. If, however, the 
other parts are well constructed, a few trials will ensure success. 

Fig. 2, shows the lamp complete. The body of it is a low vial 
or inSstand, capable of holding about two ounces of alcohol. It is 
stopped accurately with a cork, which is covered for ornament, with 
tin roU. The aperture for admitting the tube and wick, is made 
with a hot iron. 

D. is a small tube through which the alcohol is poured. A dfw- 
pins' tube is convenient for this purpose, but a small funnel is easuT 
made by cuttin? off an inch of the nec£ of a broken retort, into which 
is pushed a cork, and through this a small quill. Another orifice 
still j for letting off the air, as thb alcohol goes in, may be. made 
through the cork. The orifices of course are to be stopped, to pre- 
vent evaporation, after the lamp is charged. 

When the ^am]^ is completed and charged, the alcohol is inflamed 
by holding the coil in the blaze of a candle. After letting it bum 
for a few minutes, the flame is blown out, when if every thing is 
properly adjusted, the wire will continue red hot until the alcohol 
IS exhausted. 

The explanation why the ignition of the wire is permanent, seems 
to be sufficiently simple. Alcohol, when in the state of vapor, 
combines with oxygen with great facility. The temperature of the 
wire is first raised by the flame of the candle to about 600 degrees, 
Fahrenheit. This degree of heat is such as to eflfect the combus- 
tion of alcohol with the oxygen of the atmosphere. When this is 
once effected, the caloric extricated br the combustion of the alcohol, 
is sufficient to keep the coil at a redlieat, which again is the tem- 
perature at which the alcohol is combustible, so that one portion ot 
alcohol by the absorption of oxygen, and the consequent extrication 
of heat, lays the foundation for the combustion of another portion; 
and as the alcohol rises in a constant stream, so the eflfect is con- 
stant. The stream of vapor is much increased by the heat of the 
lower part of the coil, where it embraces the wick, and the tempera- 
ture of the alcohol is increased before it reaches the part of the coil 
where combustion is eflected. Sometimes the last, or upper turn 
of the wire only is kept red hot. 

This lamp, though one of the most curious inventions of the age, 
is not merehr a curiosity. The facility and certainty with which 
by means ot a match, a light may be obtained from it, constitutes its 
utility. The proper matches for this purpose are prepared by dip- 
ping the common brimstone matches into a paste made by mixing 
two parts of white sugar with one part of cWorate (oxy-muriat) ol 
potash. The red French matches are of this kind, and answer the 
purpose completely. 

In cases where a light might be wanted, but a constant one would 

))e offensive, this lamp might be a great convenience : a light being 

iuimediately obtained by merely touching a match to the platina 

coil, and then to the wick o€ tivs candle. Physicians or others who 

are liable to be called up in t\ve uigVvX. vfo\:\<^ ^^ ^\ASn. ^i»t!c«^\^ifillt 
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CONVERSATION Xmi. 



ON THE STEAM-ENGINE. 

JV&5. B. In this conversation I propose to give you some accoont 
of the steam-engine. Since its original invention about the middle 
of the 17th century, it has, by a lon^ series of improvements, attain- 
ed such a degree of perfection that it now not only works our man- 
ufactures, but is beginning to be applied to their conveyance boUi 
by land and water. Steam-boats, you know, are already in gene- 
ral use ; locomotive steam-engines are employed on rail-ways in 
several parts of England, to draw coals from the mine to the place 
of shipment j and a rail- way is now in considerable forwardness for 
the purpose of conveying the multiplicity of goods which pass from 
Manchester to the port of Liverpool by means of these selfrmoving 
carriages. 

CaroUne. After having both seen and heard so much of steam- 
engines as we have done of late jears, I am almost ashamed to con- 
fess how ignorant I am of the prmciples on which they act ; but the 
machinery is so complicated, there are so many pipes, and valves, 
and boilers, and coolers, and I know not what, that really one's 
head grows quite confused, and can understand nothing. 

Mrs. B. Here is a* little apparatus of no very complicated con- 
struction, but simple as it is, 1 think it will assist me in explaining 
to you the principle on which the steam-engine acts. (Fig. 37.) 
It consists, you see, of a glass cylinder, and terminating in a bulb, 
or ball, and a piston, which is fitted to the cylinder, and can slide 
up and down within it. We shall pour a little water into the bulb, 
push down the piston to the bottom of the cylinder, and make the 
water boU by placing it over this lamp : what will happen then ? 
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Emxty, The steam rfsing from the water will force up the pit- 
ton by its expansion— just so— as the steam is formed the \>i8toa 
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Cdroline. Gh\ now I understand it : if tbiB was a largelrtm eil 
inder instead of a small fflass one, and had a great beam attadied to 
it to act as a lever, as I have seen in real 8team;«ngines, that tte 
bulb was a spacious boiler, and the lamp a furnace, we should be 
enabled by it to raise a ffreat weight. 

Mrs. B, The force of steam, when once obtained, may be appli- 
ed to an immense number of purposes ; it may be made to push, to 
pull, to lift, to strike ; in a word to put in motion any of the me- 
chanical i>owers. But as yet we have only raised the piston, we 
must get it down again in order to repeat the stroke ana continiie 
the action. As soon as I take this glass ressel from the lamp, the 
steam returns to the state of water, a vacuum is formed by its eon- 
densation, and the piston falls by the weight of the atmosphen, 
which you may recollect presses with a weight of 15 lbs. on enaj 
square inch of the sur&ce of the piston.* 

Carohne, This little cylinder is easily removed from the lamp» 
but we cannot take a boiler from the furnace and replace it again tt 
every stroke of the piston. 

Mrs. B. We must, therefore, find some other mode of oondensiiig 
the steam, without which, the weight of the atmosphere will not 
make the piston descend. This was at first accomplished by ioject- 
ingcold water into the cylinder. 

Emily, The steam would naturally give out its latent heat to the 
cold water, and this powerful elastic fluid would be converted ints 
an inert liquid. 

Mrs, B. That is a conclusion, which, in the present state of 
science, it is very easy to draw : but in the 1.7th century the prop- 
erties of heat and of steam were equally involved in obscurity. 
When the Marquis of Worcester first attempted the construetioB 
of a steam-engine, it appears probable that he injected cold water 
simply with a view of replenishing the boiler, and that he was not 
aware that it caused the condensation of the steam, or that this con- 
densation was necessary in order to make the piston descend. The 
Marquis is, however, generally considered as the original inventor 
of the steam-engine ; but it was Savary and Newcomens who im- 
proved upon his ideas, and first produced this machine sufiiciently 
well constructed to be brought into common use. Fig. 38, repre- 
sents an engine thus improved and applied to the purpose of raising 
water from a well. 

The steam issuing from the boiler B raises the piston P in the 
cylinder, and, consequently, that end of the lever L to which it is 
attached by the rod K. One end of the lever beam being thus ele- 
vated, the other necessarily descends, and forces down the rod r 
and the piston p in the well W. 

Caroline. Now we have the great piston P at the top of the cylin- 
der, and the little piston p at the bottom of the well, but in order to 
bring up the water we must reverse the action of the lever : how is 
that to oe done ? 

Mrs, B, As soon as the piston P reaches the upper part of the 
cylinder, the cock or valve V closes, excluding uie further en- 
trance of steam ; at the same time the valve Q opens, admitting a 
jet of cold water from the reservoir R. This condenses the steam 

** See Convertations on Natural Philosophy. 
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which filled the cylinder, and forms a vacunm ; the piston, no lon- 
ger sapported beneath, is forced down by the pressure of the at- 
mosphere ; while the piston p rises, lifting up the water which 
flows out at m. 

Caroline. The water is raised by the piston p, on the principle 
of the lifting pump, which I recollect your. explaining to us.* Then, 
when the piston P returns to the bottom of the cyhnder, the valve 
Q shuts to exclude the cold water, while the valve Y opens to ad- 
mit the steam ; there could not be a more clever contrivance. 

Emily. Yet, it seems to me to be a pity to destroy the steam at 
every stroke of the piston : what an economy of fuel would be ob- 
tained if it were possible to preserve the steam and make it act 
again! 

JV^5. B. Nor is this the onl^ objection to the introduction of 
cold water into the cylinder; it is attended also with the incon- 
venience of cooling the cyhnder, so as to require a considerable 
additional quantity of steam to restore its temperature before the 
piston can be made to rise ; yet, even under these disadvantages, 
the steam-engine was found to be a powerful machine ; in the 
course of years it underwent many alterations, but received no 
very material improvements till the celebrated. Mr. Watt discover- 
ed the means of obviating the defects we have noticed. His first 
improvement was to condense the steam in a separate vessel, which 
he called a condenser ; by which means he effectually prevented 
the refrigeration of the cylinder. 

He then introduced the steam frqp the boiler into the cylinder 
alternately above and below the piston, so as to make it both rise 
and fall: completely excluding the external air, the pressure oi 
which became unnecessary, and which had been another cause of 
cooling the cylinder. 

Emily. He must then have established a communication between 
the condenser and both the upper and lower part of the cylinder, in 
order to carry off the steam, and form vacuums alternately above 
and below the piston. 

Mrs. B. This he did by means of pipes and valves, which could 
be opened or shut at pleasure. 

Caroline. Then, when the steam below the piston is drawn into 
the condenser, the steam above it v^ll force it down, and when the 
steam above the piston flows into the condenser, the steam beneath 
will make it rise. It is, therefore, essential that the atmospheric 
air should have no access to the cylinder, otherwise the vacuum 
could not be formed, for the air would rush in to supply the place 
of the steam as soon as this is condensed. But is it not difficult to 
exclude the air completely, and yet leave room for the piston-rod 
to move up and down freely ? 

Mrs. B. In order to render the cylinder air-tight, the piston- 
rod slides up and down through a small box, so well stuffed with 
leather and hemp that no air can pnenetrate. 

These movements will be more intelli^ble if you examine Fig. 
39, which represents a steam-engine such as is now used ; in whidi 
all the essential improvements of Mr. Watt are retained ; but 
some simple and convenient arrangement of the mechanism has 

* See convereations on Natoral Philosophy. 
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been subetituted in the place of hk more elaborate and complicated 
oontrivance. AA is the boiler, and the fire which heats it is con- 
tained in the fire-place BB, which, with the flues XX, sarround it. 
The water, when converted into steam, passes through the pipe CO, 
«nd thence into a sort of box DD ; but for the explanation of the 
construction of this box, I must refer vou to figure 40, where yoa 
will find it represented on a larger scale, as that plate contains only 
tlie cylinder ZZ, and the pipes which connect the box with it. 
IFVom this box the steam can pass either through the pipe ££ into 
the upper part of the cylinder above the mston YY in oraer to foree 
it down ; or it can pass through the pipe JPF and enter the cylinder 
below the piston in order to raise it. 

Caroline. But when the steam enters at one end of the cylinder, 
it must make its exit at the other, and take refuge in the conden- 
ser : how does it find its way there ? f^r these two pipes communi* 
eating at one end with the steam-box, and at the other with the 
cylinder, cannot either of them convey the steam into the conden- 
ser. 

Mrs. B. There is a separate pipe for that purpose, one end of 
which opens into the steam-box, and the other into the condenser. 
The orifice of this pipe alone is visible at 6 as it turns back before 
it descends ; but in Fi^. 39 that part G which conununicates with 
the condenser HH is delineated. 

EmUy. And by what means is the steam prevented from entering 
the cylinder through both passages at the same time ? 

Mrs. B, By a very simple and ingenious contrivance called a 
sliding valve II, which moves up and down, and alternately leares 
the passage to the upper or lower pipe open : in its present situa- 
tion in Fifi^. 40 it is raised as high as it will go, closing the passage 
between the steam-box and the openings to the pipes £ and G, but 
leaving a communication between these two pipes. 

Caroline. The steam, then, enters at the bottom of the cylinder 
below the piston ; but how do you get rid of that which is above 
it? — Oh, I see : it descends through the pipe E, and being ex- 
cluded by the valve I from entering the steam-box, it pajsses into 
the orifice of the pipe G, and is thence conveyed into the conden- 
ser. 

Mrs. B. And when the valve is slided downwards so as to close 
the communication between the pipe and the steam-box, it opens 
a passage between that pipe and G ; so that the steam below the 
piston is now drawn into the condenser, while that above it forces 
It down. 

Emily. But during the time that the valve is moving from the 
orifice of one pipe to that of the other, both must be left partly 
open at the same lime, so that less steam can get admittance into 
one pipe or escape out of the other, than when one of the pipes 
is completely open, and the other entirely closed. 

Mrs. B. That is very true, and the stroke of the piston is leas 
forcible during those intervals. There is also . an instant during 
which the valve closes all the three passages ; it is when the pis- 
ton reaches the top of the cylinder, as represented in Fig. 39, 
Frontispiece. 

Caroline. The communication between the steam-box and the 
condensing pipe G is then always closed by the valve in whatever 
poation it may be' 
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Mrs. B, Certainly ; It would be wasting the steam to allow it 
to flow from the steam-box into the condensing pipe ; that pipe is 
used merely to convey away the steam that has ahreidy performed 
its office in the cylinder ; it therefore communicates only with the 
pipes E and F. The valve 11, .you wDl observe, is not flat, but 
capacious, in the form of a box without a lid ; for it is necessary 
that the communication between the pipes E 'and 6 should be made 
within the capacity of the valve ; were it flat, it would close the 
pipes E and G, not only from the steam-box, but from each other, 
so that the steam could not escape into the condensing pipe. 

Thus by simply sliding up and down this hollow valve, the mo- 
lion of the piston may be carried on indefinitely. 

EmUy. And by what means is this valve moved, for I see no rod 
to connect it with the lever. 

Mrs. B. No, it is worked by two cranks, V and W, situated at 
right angles to each other ; of which V is connected with the slide- 
valve, I, and W is connected to the eccentric X, which is worked 
by the fly-wheel shaft U. 

Emily. But the steam is lost, Mrs. B.; I had flattered myself 
that some means had been devised of turning it to account. 

Mrs, B. Not lost, though it is no longer serviceable in the form 
of steam, for it gives out its latent heat, to the water in the conden- 
ser, and this heated water is pumped up and conveyed into the 
boiler B, Fig. 39, where it is re-converted into steam at a much 
less expense of fuel than if it were cold. The condenser H, you 
will observe, is situated in a cistern of cold water, LL, and ^ repre- 
sents the injection cock, by means of which a stream of this water 
is constantly flowing into the condenser, in order to re-convert the 
steam into water. 

Caroline. And how is this water conveyed into the boiler, to be 
again transformed into steam? 

Mrs. B. The bottom of the condenser communicates with an 
air-pump MM, which raises the heated water into a smaller cistern 
N, from whence it is elevated by the forcing pump O, and convey- 
ed through a pipe which is not delineated in the Plate in a cistern 
P, situated immediately over the boiler, into which it descends 
through the pipe Q. — ^The small lever attached to this cistern, hav- 
ing a weight suspended at one end, and a float R which rests upon 
the surface of the water hanging from the other, is a contiivanoe 
to admit into the boiler exactly the quantity of water required. 
In the present position of the lever, that quantity is duly adjusted ; 
but should the boiler be further filled, the float, which alwaj^s re- 
mains on the surface of the water, and the rod to which it is at- 
tached, mi(st rise and elevate that arm of the lever to which it is 
suspended ; the other arm will constantly descend, and a valve S, 
which is suspended to tliat arm, will close the pipe Q so as to 
impede the entrance of more water into the boiler. But as soon 
as the superabundance of water in the boiler is converted into 
steam, and has passed off into the cylinder, and the wat(/r resumes 
its former level, the float descending restores the lever to its hori- 
zontal position, rai»es the valve S, and re-opens a communication 
for the admission of water from the condenser. 

Emihj. Thirf is a most ingenious contrivance ; yet the invention 
of a s*?|)ar;U8 vcss'^.l to condense the steam, was, I think, the most 
hap{>y idea, and %;u simple that I wonder it did not oocar sidomst* 
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But anoe it is essential to preserre the high temfNeratnre of the 
cylinder, I should think it might he useful to cover it with flanMl, 
or some other bad conductor of heat, in order to prevent its jaduir 
ting off coloric ; and I wonder that the cylinder should be made of 
metal, which is so good a conductor of heat ? 

Mrs. B, Metal, though a good conductor, is, you know, a bad 
radiator ; besides, no 6ther substance would have sufficient strength 
and durability for the purpose. Tlien, instead of flannel, the cylin- 
der, in large engines, is frequently enclosed in a larger metallie 
case, called a jacket, and the intervening part is kept filled with 
steam, so that the cylinder itself is in a sort of steam bath, and 
suffers no diminution of temperature. 

The lever TT of this stoam>engine, you will observe, is of a 
very different construction from that of Newcomens' ; instep of 
a cumbrous beam of wood, it consists of a plato of iron, slrensth- 
ened by three ribs or bars of iron, to the central one of whiim is 
attached the several rods, 1, 2, 3, 4, which work the piston of the 
cylinder, and those of tlie pumps, and finally the rod 5, which is 
the operative power of the machine. This was another improre- 
ment of Mr. Watt ; he also added a fly-wheel, U, the effect of 
Which, you may recollect, is to equalise the motion of the machine, 
and render it uniform.* 

Caroline. This most be peculiarly applicable to a steam-engine, 
whose motion must necessarily be accelerated every time the (to- 
nace is replenished with fuel, and retarded when the fuel begins to 
be expended. 

Mrs. B. This irreg^ularity is equalised by another contrivance, 
which I shall presently explain to you. The chief purpose of the 
fly-wheel is to carry on the action of the machine during an in- 
stant that occurs at every stroke of the piston, when the steam is 
excluded from the cylinder. We have observed that the power 
varies in intensity, being strongest when the piston is in the posi- 
tion in which it is described in Fig. 40, which is called being at 
half stroke; one of the passages for the steam is then entirely 
open and the other completely closed ; when the piston moves either 
above or below this point, the two passages are but partially open- 
ed or closed ; and when it reaches either the top or the bottom of 
the cylinder for an instant all the passages are closed, then it is 
that the operation of the fly-wheel is essential ; its inertia carries 
on the action of the lever during the instant tiiat tl;e action of the 
steam ceases ; this is called the dead-lift, and did not the fly-wheel 
overcome the difliculty, the engine might be stopped. 

The contrivance by means of which the quantity of steam that 
enters into the cylinder from the boiler is regulated, I shall now 
explain to you. 6 is a valve in the steam pipe c, called the throttJe- 
val ve : because it enlarges or diminishes the throat or passage in 
order to regulate the quantity of steam, so as to make the piston 
move with the degree of velocity required. 

Caroline. But one would suppose the valve must be endowed with 
intelligence to enable it to proportion its aperture to the quantity of 
steam required ? 
Mrs, B. That intelligence alone belongs to man ; his skill tnns- 

* See ConveTsaVions on t^«.V.\it«\'W^Qf^\^'3 . 
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fers it mechanically to ijianimate matter, in a manner so wonderfu], 
that, it is true, it sometimes appears as if it inspired these materials 
with reason. 

EmUy. After haring carried our ingenuity so far as to make a 
few pieces of metal, cut out in different forms, and adjusted together, 
show us the hour of the day, and even call out and tell it to us, we 
can be surprised at no mechanical invention ; and it appeared to me 

?.uite natural that the Chinese, in Captain HalPs Voyage to Loo 
yhoo, should have supposed a watch to have been alive. 

Mrs. B. But to return to the regulator of the steam-engine,— 
It was Mr. Watt who first contrived to make this throttle-valve 
self-acting ; by adjusting it so, that when the piston was moving 
with too great velocity it would contract and admit less steam into 
the cylinder, and thus diminish the speed of the machine. And 
when, on the contrary, it was moving too slowly, it would enlarge 
and admit a greater quantity of steam, and thus accelerate its ve-. 
locity. 

The two balls a a, Fig. 39, are so adjusted that the motion of 
the piston makes them revolve round the spindle b. When the 
piston moves with proper celerity, these balls, during their revolu- 
tions, will remain at the distance from each other described in the 
plate; but what will occur if the velocity of the piston be iii- 
creased' 

Emily, If yoa increase tne cause, the effect will be increased in 
proportion ; the velocity of the balls will be accelerated, and their 
centrifugal force consequently augmented, so that thpy will recede 
further from each other. 

Mrs. B. Very well; now these balls are connected with the 
throttling-valve 6 by means of the rods c d, in such a manner that 
when the balls recede from each other, the jods c and d are a little 
elevated, and the valve, which is a thin vane moving upon a pivot, 
presents its face to the stream of steam issuing from the boiler, and 
in a great measure opposes its passage by almost closing the pipe. 
When, on the contrary, the piston moves too slowly, the motion of 
the balls being retarded, and their centrifugal force diminished, they 
approach each other, the rods c and d are depressed, and the valve 
moving on its pivot is turned edgeways towards the steam, and thus 
leaves it a free passage. This apparatus, which regulates the throt- 
tle-valve, is called the governor. 

Emily. It is a very ingenious contrivance ; but Mrs. B., there ij 
something which still perplexes me. T4ie motion of the ends Oi* 
the lever-beam is in a curve line, yet the piston must move up ^lA 
down in a straight line ; now, how can a power moving in a curve 
line produce motion in a straight line in another body ? 

Mrs. B. This was attended with some difficulty, but the inde- 
fatigable ingenuity of Mr. Watt discovered a means of overcoming 
it, called the parallel motion. He adjusted a system of levers, e, f, 
g, h, in such a manner, that though the lever-beam in its rising and 
falliog described the arc of a circle, that of the piston was rectili- 
near : but this piece of mechanism it would take us much time to 
explain. 

Emily. Pray how are the high-pressure engiues covn&\x.m5s.\»<L^ 
which bare been described as so dangeioua^ 

Mrs, B, They act on the same pniicV]g\o «a xYvaX ^^ Vw^ Nffl^w 
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A. 

^ ^Mtetoc*- Compoondt formed by the eombinatioB of a base with acetic acid. 
2 JUidt, K^ompounds formed by the combination of oxygen with certain elementary 
'^^ forming in general, a claas of substances which are sour to the taste, 
lich unite with alkalies and metallic oxyds to form sails. 
Substances formed by tlie natural combination cf some acids with s 
quantity of potash. The ozo/tc and tartaric acids are examples. 
Aeriform flitids. Elastic fluids. Atmospheric air arid the gases are of this kind* 
Tiieir aeriform state is owing to the caloric with which their bases are com- 
bined. 

4 " J^ltmtft ekemieaL A term used to express that peculiar propensity which substan- 
ces of difl^rent kinds have to unite with each other, as acids and alJ<aIies, &4E« 
(} ■■■ ■ #/ aggregation. That force is so called by which sulntances of the same kind 
. tend to unfte, without changing their qualities. 

t tff compoaition. That force by which substances of different kinds combine, 

/ and form a third, which differs from either of the two first, before the combi- 

Bation. Thus muriatk acid and soda form common salt, 
df IfrwMs. / CeagitM»le lymph. It is contained in animal sobstaneee, as the aerom 
""'^ of the blood. The white of e^s is albumen. 
JileohoL Rectified spirit of wine. It Is always the same, firom whatever kind of 
spirit it is distilled. 
^ Mkahea, Feeuflor substances which have a caustic burning taste, and a strong 
tendency to combination, particularly with acids, and with water. 
MUoya, A combination of any two metals, except mercury. Brass is an alloy of 
cc^per and zinc. " ' 

^ Ama^am, A mixture of mercury with any other metal. 

- JinalfoU, Separation of the constituent parts of compounds, for the p«rpoae of d«> 
V tecting thehr composition. This is acme by ra-agents. 

Annealing, Rendering substances tough, which before were brittle. The metala 
are annealed bv heating them red hot, and then cooling them gradually. 
•t- ^reemaUe, Salts formed by the combination of a base with the arsenic acid. 
' AtaU, This name is given by tlie French chemists to mtro^en, which see.' 
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v^fiabomt. Reshiom, aemi-iuid sabstancet, which are obtahied from certain tieaa 

^ by making iseisions. 
Baromittr. An instrument which indicates the variations of the preasiue of tiM 

atmosphere, as thermometers do of heat and co!d. 
Ba$e» A term used by chemists to denote the substance to which an acid Is unHod 

to form a salt. l%as aoda is the ha$e of common salt. 
Bmuoates, Salts formed by the union of the bentaie acid with a base. / 

Blam-fipe, An Instmment to increase and direct the flame of a lanq>, for the aa^j« 

sb of minerals, and for other chemical purposes. 
Boretu, Salts Ibriiied ly the combination of any base with tlw add of bwaz. 

* 

c. 

Cakanvmg* A chemical term fomerly applied to describe chalk, moiMe, oad all 

other combinatloBs of lime with carbonic acid. 
Gslefaurfiea* The application of heat to saline, metallic, or other sobitaneea ; m 

regaloted as to deprive them of moisture, &c. and yet preswve them In a pal- 

vwnieot Ibim* 

SO 
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cbeoHcally united to aoj- rabataace, aO as to becoBM a aart of tbe aaid sotetaace. 

sruMter. An iofCnunent for aMertaiaiag Ike qoutttT of caloric d i s ea pH 

(hMB aay sohatance that may be the object of ezperiaaeM. 
Cblr. Aa old teroi noade aae of to describe a aaeUllic oxide. 

Balu fonned by tlie coiBbiiiatioa of aay baae with the caiaphoric 
:id. 

^'_ J A terai Moally applied to the rise of sap in vefetaiUea, or tba riw of 

any floid in very amall tobea j owiag to a pacaHar kiad of M ti acttoa, calM 

captUary attraction. 
CSsritfB. Tiie basis of charcoal. 

Ckrftvaatcs. Salts forased by the combination (rf* any base with earboaic acid. 
Gsr^D^t*. Compoand substances, of which carbon forms one of the eonstitant 

parts. Thus plumbago, wliich is composed of carbon aad inm, is calM ca^ 

MreC of iron. 
GnuiktCy. The quality, in certain substances, by which they bam or eorrode u- 

knal bodies to which they are applied. It is best explained by the doctriae of 

chemical affinity. 
Ckmlpbemu. A term descriptive of those mineral waters whicJi are impiegaalM 

with iron. 
ObarcM/. Wood burnt in close vessels ; it is an oxide of carbon, and feamllj 

contains a snuJI portion of salts and earth. Its carbonaceous natter may te 

converted by combustion into carbonic acid gas. 
Odorine. A name lately given to the substance usually called oiqr-muriatic acid. 

Its compounds are called by the name of their bases, with the ending of «a«> 

As phosphorane, sulpborane, ice. 
CkrowMtet. Salts formed by the combination of any base with the chromic acid.- 
CUraUM. Salts formed by the combination of any base with citric acid. 
CoaL A term applied to the residuum of any dry distillation of animal or vegeCaUt 

matters* 
CWiefioa. A force inherent in the particles of all substancea, excepting light aad 

caloric, which prevents bodies from falling in pieces. 
CstesftfrolM. Salts formed by the combination of any base with die colnmbic add. 
CombinatUm. A term expressive of a tme ekemieal union of two or more sahslaa- 

ces ; in opposition to mere mechanical mixture. 
ComkustibUs. Certain substances which are capable of cimibining more or Itm 

rapidly with oxygen. They are divided by chemists into simple and eompoaad 

combustibles. 
CifmlnutUm. The act of absorption of oxygen by combustible bodies from atmof* 

pberic or vital air. 1*he word decoinbustion is sometimes used by the Frendi 

writers to signify the opposite operation. 
Crucibles. Vessels of indispensable use in chemistry, in the various operations of 

fusion by heat. They are made of baked earth, or metal, in the form of an ia- 

verted cone. 
CrystaUitatien. An operation of nature, in which various earths, salts, and met- 
allic substances, pass from a fluid to a solid slate, assuming certain determinals 

geometrical figures. 
Crystallitatum, voater of. That portion which is combined with salts in the act of 

crystalliziiifr, and becomes a component part of tbe said saline substances. 
Cupel. A vessel made of calcined bones, mixed with a small proportion of day 

and water. It is used whenever gold and silver are refined, by melting them 

with lead. The process is called cupellation. 

D. ' 

Decomposition. The separation of the constituent principles of compotiiHl bodies by 
chemical means. 

D0agnUion. The vivid combustion that is produced whenever nitre, mixed with 
an inflammable substance, is exposed to a red heat. It may be attributed lo 
tite extrication of oxygen from the nitre, and its being transferred to the inflam- 
mable body ; as any of tbe nitrates or oxygenized muriates wUl prodoce lbs 
same effect. 

Deliquescence (ff solid saline bodiesy signifies their becoming moist, or liquid, Ly mMM 
of water which they absorb from the atmosphere in consequence of their great 
attractions for that fluid. 

Deoxidize f (formerly deoxidate.) To deprive a body of oxygen. 

Deoxidiiejnent. A term made use of to express that operation by which one ivb- 
stance deprives another substance of its oxygen. It is called unbaming a body 
by the French chemists. 
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■ , X>efmiaf£»« An explosion witb noise. It is moat commonly applied to the explo- 
• eion of nitre, wiien thrown upon heated charcoal. 

D^astion. The effect produced by the continued soaking of a solid substance in a 

liquid, with the application of heal. 
Digegttr^ Papin*8. An apparatus for reducing animal or vegetable substances to a 
pulp or Jwily expeditiously. 
. JXsUUtttioH. A process for separating the volatile parts of a substance Arom the 
more fixed, and preserving them both in a state of separation. 
Ductility. A quality of certain bodies, in consequence of which they may be drawn 

out to a certain length, without fracture. 
JhUeifieation, The combination of mineral acids with alcohol. Thus we have dul- 
cified spirit of nitre, dulcifled spirit of vitrol, &c. 

E. 

EduleoratUm. Expressive of the purification of a substance by washing with water. 

E^ffisrveteenu. An intestine motion which takes place in certain bodies, occasioned- ' 
by tiie sudden escape of a gaseous substance. 

I^oreseetiee. A term commonly applied to those saline crystals which become 
pulverulent on exposure to the air, in consequence of the loss of a part of the 
water of crystallixation. 

£te«(ietfy. A force In bodies, by which they endeavor to restore themselves to the 
posture from whence they were displaced by an external force. 

EUutie fiuUs, A name sometimes given to vapors and gases. Vapor is called m 
elastic fluid ; gas, a permanently elastic fluid. 

£Iecttv« attraetion*. A term used by Bergmann and others to designate what we 
now express by the words chemical afiinity. When chemists first observed 
the power which one compound substance has to decompose another, it waa 
imagined that the minute particles of some bodies had a preference for some 
otlier particular bodies ; hence this property of matter acquired the term elec- 
tive attraction. 

JElsmeato. The simple, constituent parts of bodies which are incapable of decom- . 
position ; they are frequently called principles. 

JJamrreuflia. A peculiar, and indescribably disagreeable smell, arising from the 
burning of animal and vegetable matter in ckMe vessels. 

Ethers, Volatile liquids formed by the distillation of some ef the acids with al* 
— ^;; cohol. 

JSvi^^oratien. The conversion of fluids into vapor by heat. This appears to be 
^ nothing more than a gradual solution of the aqueous particles in atmospheric 

air, owing to the chemical attractton of the latter for water. 

Emdiomtter. An instrument invented% Dr. Priestley for determining the purity 
of any given portion of atmospheric air. The science of inveselgating the dif- 
ferent kinds of gases is called eudiometry. 

F. S/* 

/'' Fermeniatien, A peculiar spontaneous motion which takes place in all vegetable 

matter, when exposed fbr a certain time to a proper degree of temperature. 
■■'- JHfrriMS. That white, fibrous substance which is left arter fi-eely washing the 
coagulum of the blood, and which chiefly composes the muscular fibre. 
Flowers. In chemical language, are solid, dry substances, reduced to a powder 
by sublimation. Thus we have flowers of arsenic, sal. ammoniac, of sulphur, 
&c. which are arsenic, sal. ammoniac, and sulphur, unaltered, except in ap- 
pearance. 
' Flumtes. Salts formed by the combination of any base with fluoric acid. 
Fluidiig. A term.applied to all liquid substances. Solids are converted to fluida 
by combining with a certain portion of caloric. 
- = FUtx. A substance which is mixed with metallic ore, or other bodies, to promote 
their Aision ; as an alkali is mixed with silex in order to form glass. 
FtUmination. Thundering, or explosion with noise. We have Ailminating silver, 
folminnting gotd, and other fulminating powdera, which explode with a loud 
report by friction, dr when sliehtly heated. 
Mkm&iu The state of a body which was solid in the temperature of the atmo8pbera» 
and is now rendered fluid by the artificial application of beat. 

G. 

• Omthdes. Baits formed by tb6 combination of any base with gallic acid. 

^ Qalvmtit^f* A new acicncc which offers a variety of phenomena, resulting fton 
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L. 

IdtbortOorf, A room fitted op with apparatus for the performance of ebemieal op- 
erations. 
iMctatea. Sails formed by the combination of any base with lactic acid. 
Lakes. Certain colors made by combining the colorine matter of cochineal or of 

certain vegetables, with pure alumine, or with oxide of lin, zinc, &c. 
i^iitp, Jlrgand's. A Icind of lamp much used for chemical ezperinienls. It is made 

on the principle of a wind furnace, and thus produces a great degree of light 

and heat without smoke. 
Lens. A glass, convex on both sides, for concentrating the rays of the sun. It ki 

employed by chemists in fusing refractory substances, which cannot be oper»> 

ted on by an ordinary degree of heat. 
LevigaUen. The grinding down of hard substances to an impalpable powde > o» a 

stone with a muller, or in a mill adapted to the purpose. 
Zatharge, An oxide of lead, which appears in a state of vitrification. It is A rmed 

in the process of separating silver from lead. 
Zdxiviation. A fluid impregnated with an alkali or with a salt. 
Lute. A composition for closing the junctures of chemical vessels to prevent tiM 

escape of gas or vapor in distillation. 

« 

M. 

Maceration. The steeping of a solid body in a fluid, in order to soften it, witlKWt 
impregnating the fluid. ^ 

Malatea. Salts formed by the combination of any base with malic acid. ^|^ 

JfiaUet^biliUi. That property of metals which gives them the capacity of oiif^ ex- 
tended and flattened by hammering. It is probably occasioned by latent 
caloric. 

Massicot. A name given to the ydlevo oxide of lead, as minium is applied to the 
red oxide. 

Matrass. Another name for a bolt-head. 

JlfejMirtf«ni. The fluid in which a solid body is dissolved. Thus water is a men- 
struum for salts, gums, &c. and spirit of wine for resins. 

MetaVic Oxides. Metals combined with oxygen. By this process they are gener* 
ally reduced to a pulverulent form ; are changed from combustible ta incom- 
bustible substances ; and receive the propert5Wof being soluble in acids. 

Mineral. Any natural substance of a metallic, earthy, or saline nature, whether 
simple or compound, is deemed a mineral. , 

MtneraHtsrs. Those substances which are combined with metals in their oresj 
such as sulphur, arsenic, oxygen, carbonic acid, &c. 

Mineralogy. The science of fossils and minerals. 

MinertU Waters. Waters which hold some metal, earth or salt, in solution. Tbejr 
are frequently termed Medicinal Waters. 

Melybdiates, fialts formed by the combination of any base with molybdie acid. 

Mordants. Substances which have a chemical affinity for particular colors: they 
are employed by dyers as a bond to unite the color with the cloth intended to 
be dyed. Alum is of this class. 

Mucilage. A glutinous matter obtained firom vegetables, transparent aitd tasteless. 
Holnble in water, but not in spirit of wine. It chiefly consists of carbon ana . 
hydrogen, with a little oxygen. 

MuasStes. Salts formed by the combination of any base with the mucous ttcld. 

Muffle. A semi-cylindrical utensil, resembling the tilt of a boat, made of baked 
clay ; its use is that of a cover to cupels in the assay furnace, to prevent the 
charcoal from falling upon the metal, or whatever is the subject of experiment. 

Muriates, Salts formed by the combination of any base with muriatic acid. 

. N- 

J^Tatron, One of the names for mineral alkali, or soda. 

JVtetCroZtM. When two or more substances mutually disguise each other's proper- 
ties, they are said to neutralize one another. 

M'^uiral Soft. A substance formed by the union of an acid with an alkali, an earth, 
or a metallic oxide, in such proportions as to saturate both the base and Um 
acid. 

JfUrates. Salts formed by the combination of any base with nitric acid. 

MUrogen. A simple substance, by the French chemists caHed azote. It enten 
into a variety of compounds, and forms more than three parts in fous of atmos- 
pheric air 
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uBBii. VarlsweaaAtantioiwtftlMeartktwfth oxide, «r«aitenate of taw 

Orw. Meullie aurtiit, wbkh frequently coDtain eeTenl eztraacvqs nMtten j lad 
as mlskvf I meaic dbc. 

OraitU§ BelttfbriiiMbjrtbeconWiiatkMiofanyteflewHIiiKnUbeaeM. 

Osrtf*. Avy aalMUBee conbiiied wUh oiyfBB, w « pwyettie p BOt sHfldnt to 
pnMlace eekllCT. 

Cndiu. To eoabaw ozyflea with a body witlioqt prodaeiiig acidly. 

OmUxMMMt. Tbe operation by wbich anv mibetanco ie eoBbined with ezyfen is 
a degree not eamcient to firoduoe aei4iity. 

<]kffem. AiinpleeabeiancecoaipoeingtliefyMCeiCpartof water, and partoTit- 
mofpfieric air. 

— gma. Ozyfea eoaverted to a gaseow state by ealerle. kt n atoe ealM 
vital air. It foroM nearly one fourth of atmoepfaeric air. 

CofgmiiB. To acidify a Bobatance by oxygen. BynonynMMM with oxygenate ; M 
tbe former is the better term. 

Orjfgemitemmt. Tlie predactioB efncidity by exygea, 

P. 



PettieU. A tbin skin wbicb forms on the snrfkce of saline solntions and dber 

liquors, when boiled down to a certain strength. 
PUtgiaitnu An old chemical name for an imaginary rabstance, supposed to be ■ 

CQiab ination of fire with some other matter, and a constitaent part of all is- 

I^BiaUe bodies, and of many other substances. 
Phi^mUt. Balu formed by the combination of any base with piioepheric add. 
Photpkites. Salts formed by tiie combination of any base-with phomlMMrvs acid. 
PhosphMTtU, Substances formed by an union with phosphorus. Thos we hive 

phosphuret of lime, pboephuretted hydrogen, h.c, 
PVumbago. Carburet of iron, or the hlack lead of commerce. 
PnewmmUe. Any tiling relating to the airs and gases. 

■ inmfk, A vessel filled in part with water or mercury, for tiie pmpose 

of collecting gases, so that they may be readily removed ftoin one vessel to 
another. 

Pree^taie. Any matter which, having been dissolved In a flnid, foils to the bot> 
torn of the vessel, on tbe addition of some other substance capable of prodaeiag 
a decomposition of the compound, in consequence <^ its attractioa either for 
tbe menstruum or for the matter which was before held in scrfotion. 

Pn^itation. That chemical process by which bodies dissolved, mixed, or sos- 
pended in a fluid, are sepajated from that fluid, and made to gravitate to the 
bottom of the vessel. 

Prussiates. Salts formed by the combination of any base with pmssic acid. 

Putrtfaetion, The last fermentative process of nature, by which organized bodies 
are decomposed so as to separate their principles, for the purpose of reuniting 
them by future attractions, in the production of new compositions. 

PyrUu. An abundant mineral found on the English coasts, and elsewhere. Some 
are sulphurets of iron, and others sulphurets of copper, with a portion of ala- 
mine and silex^ The former are worked for the sake of the sulphur, and ths 
latter for sulphur and copper. They are also called Marcasites and Fire-stone. 

■ martial. That species of pyrites which contains iron for its basis. See a 
iVill account of these minerals in Henckel's Pvritologia. 

PfTomettr. An instrument invented by Mr. Wedgwood for ascertaining the de- 
grees of beat in furnaces and intense fires. See Philosophical Transactions, 
vol. Ixii. and Ixiv. and Chemical Catech. 

Pfrophori. Compound substances which heat of themselves, and take fire on the 
admission of atmospheric air. See an account of a variety of experiments wil5 
these compositions in Wieglib's Chemistry, 4to. p. 693, &c. 

Q. 

QiMrfz. A name given to a variety of siliceous earths, mixed with a small noftioB 
of lime or alumiae. Mr. Kirwan confines tbe term to tlie jntrcr kind of silex 
Bock crystal and the amethyst are species of quartz. 

R. 

MUk§ii, A chemical term for Eleweats ol \M>A\es •, '^^'^^^ •«^\,^ _ •.«^-*-*«^ 
ffiw^nmd. When the base of aa %c\A \a couiv>^^ ot vwuwu^s^w&rtaac 




or gnimffiL Tutifs. S3^ 

C8S, k to sftid that the add la fonnad of a wmpovni ndiaal. Tba iQlpiMiite 

acid to formed with a timple radical : but the vegetable acids, wbtoh have Ta4- 

icato composed of bydrogen and carbon, are said to be acids with compooad 

radicals. 
iUagmU, Substances which are added to mineral wators or llqvids as testa to dif» 

cover their nature and composition. 
Reeeiverst Globular glass vessels adapted to retorts for the purpose of pffeservlaif 

and condensing the volatile matter raised in distillation. 
KutifieMion, to nothing more than the re-distilling a liquid to render it nor* piUP% 

or more concentrated, by abstracting a part or it only. 
Reduetion, The restoration of metallic oxides to their original stat%(^ metalt; 

which to usually effected by means of charcoal and fluxes. 
Raxing, The process of separating the perfect metals from other metallic sulwtail- 

ces, by what to called cupellation. 
R^igeratory. A contrivance of any fcind, which, by containing cold water, ans- 
wers the purpose of condensing the vapor or gas that arises in distillation. A 

worm-tub is a refrigeratory. 
Regnbu, In the chemical acceptation, signifies a pure metallic mbatance, freed 

from all extraneous matters. 
R^uUion. A principle whereby the particles of bodies are prevented ttom coming 

in actual contact. It is tliovght to be owing to taUric, which has been caUed 
_ the repulsive power. 
Resina, Vegetable Juices concreted by evaporation either spontaneously or by fire. 

Their character is solubility in alcohol, and not in water. It seems that ttM^ 

owe their solidity chiefly to their union with oxygen. 
Retort, A vessel in the shape of a pear, with its neck lient downwards, wed fa 

distillation i tlie extremity of wbicli neclc fits into that of another bottliy called 

a receiver. 
Rodirtrifttal, Crystaltixed sllez. 



Sauholate*. S|dts formed by the combination of any 'base with saccbolaetie acid. 
SiUi/UMe baset. All the metals, alkalies and earths, which are cajMible of eombio 

ing with acids, and forming salts, are called salifiable bases. 
■Saline. Partaking of the properties of salt. 
Baits f nnUral, A class of substances formed by the combination to saturation of aa 

acid 'With an alkali, an earth, or other salifiable base. 
— - triple. Salts formed by the cotn1»ination of an acid with two bases or radical*. 

The tartrate of soda and potass (Rochelle salt) is an instance of ihto kind of 

combination. 
tk^^onaeeous. A term appltod to any substance which to of the nature or appear- 
ance of soap. 
SatwatUtn,^ The act of impregnating a fluid with another substance, till no more 

can be received or imbibed. A fluid which holds as much of any substance aa 

it can dissolve, to said to be saturated with that substance. 4 M»iid may in the 

same way be saturated- with a fluid. 
Estates. Salts formed by tlie combination of any base witli sebacic acid. 
Smu-nMto/.. A name formerly given to those metals, which, if exposed tp the fire, 

are neither malleable, ductile, nor fixed. It is a term not used by modem 

chemists. 
MUieeotu etnihs, A term used to describe a variety of natural substances, wbidi 

areromposed chiefly of silex ; as quartz, flint, sand, &e. 
Simple substances . Synonymous with IXsment^f which see, 
t w ultin g. The operation of fusing ores for tl»e purpose of separating the metal* 

Ihey contain, from the sulphur and arsenic with which they are mineralized, . 

and also from other lieterogeneous matter. 
Solution. The perfect union of a solid substance with a flnid. Salts dissolved ia 

water are proper examples of solution. 
H^fors. A name formerly given to various aystallised stone*; such as the floor 

spar, the adamantine spar, &c. These natural substances are now distinguisli- 

ed by names which denote the nature of each. 
St&imetites, Certain concretions of calcareous eaitb, found suspended like icicle* 

in caverns. They are formed by tbe ooziag of water through the csevie**, 

charged with this kind of earth. 
Assfifte*. A kind of stone composed €t silex, iron, and magnesia. Also called 

French chalk, Spanish chalk, and soap-rock. 
'Sub^soUs, Salu with less acid than is sumcient to neutralize their radicals. 
SuberaUs, Sslu formed by the combination of any base with ihe «Mb«x\& «k.\&.. 
^dubUmotiom, A process whereby certain volatile auteunfifea %x« ta^oftdL Vi ">Mrt^% 

and again eondenaed by coldlnto a solid form. Fl^vieia ot «>a\\^« .''^v^^^S. 
in tUa way, Tba aoot of wur coamoii ftiM ia mteia^w VMflUMvtA ^ >w^ «*^ 
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Salt! ftmwd by the combination of any base wUb aocef nit acid. 
Salt! formed by tbe eoMbinatioo of any base with tbe sulpb- .x add. 

^ Baits formed by tbe combination of any base with tbe snlpbaroas sdd 

BmfytkmreM and SmIpkmreU, Combination of alkalies or metals with sulphur. 

SmiptwreiUd. A substance is said to be sulphuretted, when it is combmed with 
sulphur. Thus we say sulphuretted hydrogen, &c. 

fcyw $mIU. Salts irith an excess of acid, as the supertartrate of potass. 

SffmtJke^. When a body is examined by dnndiMg it into its component paits, it ii 
called mmal^fM ; but when we attempt to prove the nature of a substance fey 
the »jn*m of its principles, tlie citation is called syathesie. 

T. 

TVrtrstss. Salts formed 1^ tbe combination of any base with the acid of tartar. 
TTw yiator c. The abaolute qnantily of free caloric which is attached to any body, 

occasions the degree of temperature of that body. 
TViC That part of a cupel which is impregnated with litharge In the operatioB of 

refining lead. It is also the name of whatever is employed in chemical expor* 

hnents to detect the ingredients of any composition. 
Tut-papere. Papers impreanated with certain chemical re-agents ; such as liUnds, 

turmeric, radish, dtc. They are used to dip into fluids, to ascertain, by a change 

of colors, the presence of acida and alkalies. 
T%»rmamettr. An instrament to show the relative heat of tiodies. Fahrenheit's 

thermometer is that chiefly used in England. Other tbermometere are used is 

different parts of Europe. 
Timtberts. Solutions of substances In spirituous menstrua. 
TVttamuioa. A chemical operation, whereby substances are united by frictloa 

Amalgams are made by this method. 
Tahiltitd. Retorts which have a hole at the top for inserting the materials to be 

c^rated upon without taking them out of tiie sand heat, are called tMhulaUi 

retorts. 
TwkgstaU*^ Salts formed by the combination of any base with tnngstic acid. 

U. 

J CTiiiMi, ekemical. When a mere mixture of two or more substances is made, they 
are said to be mechanically united ; iNit when each or either substance formt 
a component part of the product, the substances have formed a ^emic4d unioa. 

V. 

") Vaewan* A space unoccupied by matter. The term is generally applied to the 

exhaustion of atmospheric air by chemical or philosophical means. 
7, Vapor. This term is used by chemists to denote such exhalations only as can be 
condeitsed and rendered liquid again at the ordinary atmospheric temperature, 
f in opposition to those which are permanently elastic. 

7 Vital air. Oxygen gas. The empyrial or fire-air of Scheele, and the dephlogislica- 
' ted air of Priestly. 

: ' Vitrification, When certain mixtures of solid substances, such as silex and alkali, 
^ are exposed to an intense heat, so as to be fused, and become glass, they are 

then said to be vitrified, or to have undergone vitrification. 
', iritrioU, A class of substances, either earthy or metallic, which are combined with 
' the vitriolic acid. Thus there is vitriol of lime, viiricrf of iron, vitriol of copper, 
&c. These salts are now called sulphates, because the acid which forms them 
\ is called sulphuric acid. 

/ Vitriolated Tartar. The old name for sulphate of potass. 
i^' Volatile Alkali. Another name for ammonia. 

Volatile Salts. The commercial name for carbonate of ammonia. 
'. Volatility. A property of some bodies which disposes them to assume the gaseous 
^ state. This property seems to be owing to their affinity for caloric. 
Fahune. A term made use of by modern chemists to exi^ess the space occupied by 
/ f gaseous or other bodies. 

w. 

, _. Th« most common of all fluids, composed of 85 parts oxygen, and 25 of 
^'orofen. 

—•- Waters whlcb aie \m|ff«faate<L ^Vxtk mimetal and other aabataacei 
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are knows hy this appellation. These minerals are generally held in solntion 

by cart)onic, sidplrarie, or muriatic acid. 
Wrngf Ay, A term need by cherakal writers when treating of analysis or decom- 
position. By decomposing in the dry way, is meant, by the agency of fire. 
Wlt^j ktatdd. A fbrm used in the same manner as the foregoing, but expressive of 

decomposition in a fluid state, or by means of water, and chemical re-agents, 

or tests. 
Welding Heat. That degree of beat i« which two pieces of iron or of platina may 

be united by hammering. 
Wolfram. An ore eTtungMten, containing also manganese and iron. 
Warmrtmh. A chemiciri vessel with a pewter worm fixed in the inside, and in tha 

intermediate space filled with water. Its use is to cool liquors diMaf^^Jli^- 

lation. ^****"''S1tai 

Wot^eU ofparmlma, A contrivanee for disMling the mineral acids and other ga»' ^9 
eons substances with little loss ; being a tmu of receivers with safety- pipes, 
and eonneefed together by tubes. 
JE^^s. An oxide of eobalt, mixed with a poitioB of siUceoM natter. It is import- 
ed in this state from Saxonv* 
Zara. The point from which the scale of a thermometer is graduated. Thus Ce^ 
ains'B and Reaumur's thermometers havb their aero at the^iiesriii^ point, whila 
the thermometer of Fahrenheit has its aero at tliat point at whKh it ~" — *~ 
when imoiMsed ia a mixture of snow and c<HnnuMi salt 
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In making up the following list of experiments I hare been can- 
fill in general to select such as can be made ¥ath si^ty to the 
yonng student ; where this is not the case, the caution is meotioo- 
ed. Most of Uiem require but very simple apparatus. Where uj 
experiment illustrates the text, a reference la made to the psee.— 
Some of them are original, others are borrowed. I have not, how- 
ever, deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by polished 
metallic sur&ces, hold a common new tin pan before the fire. The 
pan will remain cold. See p. 41. 

2. To show the power of a black surface to absorb calorie, 
smoke or paint a black spot of the size of a dollar on the bottom of & 
tin pan, and hold it towards the fire. On touching this spot, it will 
be found hot, while the parts around it remain cold. See p. 46. 

3. To make the upper part of a vessel of water boil while there 
is a cake of ice at the bottom. Into a glass tube put water enough 
to occupy two inches. Freeze this, so as not to burst the tube, 
with a freezing mixture, or by exposure to cold in winter. Then 
fill the tube nearly full of water, and wind a flannel cloth several 
times around the part containing the ice, so that the heat of the hand 
will not melt it. Then hold the tube in an oblique direction over 
a lamp, so as to heat the water an inch or two above the ice. The 
water will soon begin to boil, and by raising the tube a little at a 
time, it will boil almost at the surface of the ice without melting it. 
See p. 52. 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size and length, of -^old, silver, 
copper, iron, zinc, tin, &c. The wires may be 12 or 14 mches long. 
Coat one end of each with bees wax, and put the other ends into a 
vessel of hot water. The wax will melt first on the metal which is 
the best conductor, and the comparative conducting powers are cal- 
culated by the diflerence of time between the meltmg of the wax on 
each. See p. 51. 

5. The conducting powers of different substances in regard to 
caloric, may be much more sensibly elucidated, by touching in cold 
weather, a metal with one hand, a piece of cork, wood or cloth 
with the other. Here the sensation of cold to the hand which 
touches the motal, is owing to the power which all metals have of 
conducting off heat more rapidly, than any other class of substan- 
ces. See p. 49. 

6. To show that evaporation carries ofif caloric, moisten the bulb 

of a thermometer tube with either, by means of a hair pencil. The 

mercury immediately begins to fall, and if the jprocess be continu- 

ed, msLy he brought down to iViq iteeiiTk^ ^^vox^ even in warm 

weather. Whenever a fl\ud aubav&nce Sa cotts«t\a^ voxa ^tk^x '^ 

^imorba a quantity of calozic. la iVift ^x««iiv c»a»^ ^fioa ^^^ xaius^ 
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from the bulb of the thennometer, the caloric necessary to give it 
the elastic fonn. Therefore, every new application of the ether 
carries off successiye portions of heat, and the mercury continues 
to sink, until the balb becomes so cold, as to absorb (^oric from 
the surrounding air, faster than it is carried of by the evaporation. 
This is the reason why the mercury cannot be depressed below a 
certain point by evaporation. The ether, although it assumes the 
elastic form, does not receive the caloric necessary for this purpose 
from the thermometer, but from the surrounding air. See p. 73. 

7. To demonstrate that fluids boil at comparatively small degrees 
c^ heat, when the pressure of the atmosphere is taken off, about 
half fill with water a small retort, or Florence flask (common oil 
^ask,) and let it boil over- a lamp. When the upper part is filled 
with steam, take it from the lamp, and instantly cork it air tight. 
If now it is put into cold water, it begins to boil violently. If taken 
out of the water, it stops boiling, and this may be done many times. 
This curious method of making water boil by the application of 
cold, \b easily accounted for. Vvhen the flask is put into cold wa- 
ter, the steam with which it was filled is condensed, and returns 
again to water. This leaves a vacuum, in which water is convert- 
ed into steam, or boils at a much lower temperature than in the 
open air. See p. 58. 

8. If the above experiment is made by means of a small retort, a 
very curious circumstance may be observed. When the water is 
cold, and consequently nearly a perfect vacuum is formed, if the re- 
tort is shaken, there is produced a sharp rattling noise, as though it 
contained shot, instead of water, so that one would suppose by the 
noise that the retort would be broken into a thousand parts at eve- 
ry motion. This is owing to the weight with which the water falls 
upon the glass, when there is no air to impede its motion. See p. 64. 

9. Into a thin glass vessel pour an ounce or two of water, and 
then pour in two drams of sulphuric acid ; the glass will instantly 
become too h6t to be held in the hand. The experiment elucidates 
the doctrine of latent heat. On mixing these two fluids, a chemic- 
al combination takes place between their particles, in consequence 
of which, caloric is extricated at the same time their bulk is dimin- 
ished. This also illustrates Dr. Black's law, that when substances 
pass from a rarer to a denser state, caloric is given out. If one 
measure of sulphuric acid, and one of water, be mixed together, 
the mixture will not again fill the me^isure twice. See p. 77. 

10. To produce nitrogen, take a bell glass or large tumbler, and 
invert it over a short taper, set in a shallow dish of water. The ta- 
per bums until it absorbs all the oxygen contained in the air under 
the bell glass. What remains is nitrogen. If now, a lighted taper' 
be put under the bell glass, it will be instantly extinguished, show- 
ing the absolute necessity of oxygen for the support of combustion. 
See p. 100. . 

11. The formation of water by the burning of hydrogen may be 
shown thus : Toke a Florence flask, and pour into it half a pint of 
water, then put in about an ounce of ^nulated zinc, or the same 
quantity of iron filings, and then pour in half an ounce by measure 
of sulphuric acid. Have ready a cork, pierced with a burning iroa^ 
and the stem of a tobacco pipe passed t.hT0wg\i\5aft^^^x\.\a^. K^sst 

patting in the acid, put the cork in its place, aa^ fct \)!aft ^mSs- ^^^^a 
r^At by Betting it in a bowl, ftarroanded b^ «l c^-o^lti \ft xnsSsfeNX^'S^*®^ 
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up and pTereot iis breaking. As the hydrogen m fonned, bhMi 
through the stent of the [obacco pipe, at the end of which itisulx 
fixed. If DOW a glass tube two or ihree feet long, and an iitrli tf 
two wide, be passed on to the atem so as to inludf! rhe Bnate nnlui 
its bore, the tube, in a lew momenta, wiJI be covcrod on Ibe loodi 
with moiatiiw. Sea p. 109. 

U the orifice of the tube is quiie small at the end where ibt pt 
is fired, the above experiment aerves to produce the musical iana.- 
Seep. lie. 

12. An exhibition of^ai light may be made at foUowa : — Inttlta 
bowl of a common Mbaeco pipe put a piece of mtneroZ, or what ii 
called sea coal, and cover the coal cloeely with clay. When Ihg 
clay is drr, place the bowl in the fiie and heat it slowly. In a few 
minutes the gas, called arrburelltd hydrogen will issue from tbt 
end of ibe pipe stem ; set fire to it with a candle, and it will bun 
with a heauiifu! bright flame. Thisis thegas with nhicfa tliesneeO, 
foclories, Si.c. are lighted in maoy of the European cities. 

In the absence of mineral coal, a walnut, email piece of )«W 
knot, or bntlemut meat, &c. may take the place of coal. Sttf. 
130. 

13, The following gives an example of the manner in whidiatl- 
phuric acid is formed. 

Mix with a small quantity of the floweis of sulphur, about one 
fifth pari of finely pulverised nitre. Make a stand by boUowmg 
with a hammer a large button, and attaching wire lo the eye, 1m 
feet, BO that the button will be two inches htgh ; or, by any otliM 
means, place the sulphur and nitre about (his he^bt In a shidlsv 
dish, contaimng an inch or two of water. Set fire to the mixton 
with a hot iron, and immediately invert over it a belt glass, or large 
tumblei. The sulphur as it burns, absorbs oxy^a from ihe lii 
contained under the bell glass, in a praportian whi<^ would oouti- 
tule sulphurvus acid. At the same lime, the heat which this pro- 
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<nygen, which ie absorbed by the sulphurous acid, and this a 
tional quanliiy of oxygen constitutes sulphufic acid. See p. 130. 

14. Take three parts of nitre, two of potash, and one of EolpJiur, 
and mix them intimately, by rubbing in a mortar. This eompauiul 
is cnHed Julminaling powder. On placing a httle of it on a shoval 
over a hot fire, it explodes with great violence, and with a peculiar- 
ly stunning report. 

The combustion ot phosphirftled h/drogen in oxygen gas, at 
fords one of Ihe most siriking and beautiful among chemical cxper- 
imBiila. it is done as follows : Take some phosphuret of lime, wrap 
it in a paper and push it under a vessel, as a wide mouthed vial, fil- 
led witli water, and inverted on the shelf of the water bath. Assooo 
as the water penettaies through the paper so as to wci the phosphu- 
ret of lime, bubbles of phosph aretted hydrogen begin to rise dd 
through the water. Whde tliis is going on, fill a strong glass vesiel 
as a tumbler, or a piece of thick glass tube Hiopped nl one end wilJi 
oxygen gas. Invert this also on the shelf of the water bath. When 
the phosphuretted hydrogen is collected, take the vessel conlaiuing 
'' 'n one hand, and that containing the oxygen in the other; btini 

niontJi of the fonaer, \n unlun^ Vi. ^eevei vj. \ii« vuei, under 

tbe edge of the laltei veBBB\, l\iett\i5 cmeWM^ 4B^xtsri«.%*a^5» 

oftba ve»oel contMoing \W ptw.^'ViMiBuei \v<taQi.tB.>»^^^ 
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bubble at a time into the oxygen gas. If this experiment is made 
in a darkened room, the flashes of light appear astonishingly vivid 
and beautiful. See p. 135. 

16. Take six or eight grains of omf-muriate of potashj put it into 
a mortar and drop in with it about a grain of solid phosphorus, cut 
into two or three parts ; then rub them together with a pestle.— 
Very violent detonations are produced by these small quantities. 
It is best, therefore, not to use more than is here mentioned at a 
time. The hand, holding the pestle, ought always to be protected 
•with a glove or handkerchief. 

17. To make liquid phosphorus, take an ounce vial and half fill it 
with olive oil, put into the oil a piece of phosphorus of the size of a 
pea: gradually heat the bottom of the vial, until the phoshorus is 
melted, taking care to keep the thumb on the mouth ; then cork 
it air tight. If this vial is first shaken, and then the cork be ta^en 
out, it becomes luminous, first near the mouth and gradually down 
to the oil, at the bottom. The light which a bottle prepared in this 
way gives, particularly if warmed, by holding it in the hand, is suf- 
ficient to tell the hour of night by a watch. This luminous ap- 
pearance, when the cork is removed, is owing to the union of the 
oxygen of the atmosphere with the phosphorus. It is slow com- 
bustion, attended with light, and most probably with some heat. 

18. If drawings be m^e on silk with a solution of nitrate of sil- 
ver, and the silk first moistened, is exposed to a stream of hydrcy 
gen gas, or in any other way exposed to the action of this gas, the 
metd is inptaiitly revived, and the silk is covered with figures of , 
silver. — See p. 155. 

19. If a few drops of a solution of nitrate of silver in water, be 
placed on^a bright surface of copper, the silver is revived, and^ives 
the copper a brilliant white coat of that metal. This is explained 
on the principle of afiiuity. The copper has a stronger attraction 
for the acid which composes a part of the nitrate of suver, than the 
silver itself has. Therefore it attracts the acid frofi the silver, in 
consequence of which this is received, and at the same time pre- 
cipitated on the copper. See p. 155. 

20. Take a little of the white arsenic of the shops, and mix it 
with some finely ground charcoal; put the mixture into a small 
^lass tube closed at one end, and expose the part where the mixture 
IS to a moderate degree of heat gradually raised ; the arsenic will 
be received, and wul attach itself to the upper part of the tube, giv- 
ing it a brilliant metallic coat like quicksilver. The arsenic may 
be preserved in this state by stopping up the tube. See p. 155. 

'21. Dissolve a tea-spoonful of sugar- of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a string, a piece of zinc. The zinc decomposes 
the acetate of lead by depriving it of its oxygen ; the consequence 
is, that the lead is precipitated in the metallic state, on and around 
the zinc, and forms a brilliant tree of metal. 

22. Pour a solution of nitrate of silver into a glass vessel, and im- 
merse a few slips of copper in it. In a short time, a portion of cop- 
per will be dissolved, and all the silver precipitated, in a metallic 
form. If the solution which now contains copper be decanted iato 
another ^lass^ and pieces of iron added lo \l, liwB meXaJi^Kr^^^sc^^s^ 
dissolved, &nd the copper precipitated) yie\dm|^ ^,«XTiBM^%\Bs^a»R* 
of peoaliax aMmUes. See p. 176. 
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23. Ivory may oe coated with silver, by the following process: 
Make a strong solution of nitrate of silver in pure water ; into this 
immerse a piece of ivory until it turns yellow; then take it out and 
immediately plunge it into a vessel of distilled water exposed to the 
direct rays of the sun until it turns black. On rubbing it gently it 
will appear covered with a brilliant coat of silver resembling a bar 
of that metal. This curious efl^t is owin^ to the solar light which 
decomposes the nitrate of silver, by taking the oxygen from it, 
which flies oflf in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbles 
of carbonic acid gas by means of a blaidder and tube, the lime water 
instantly becomes white and turbid, and finally deposits a quantity 
oi carbonate of lime in the form of powdered chalk. If now the 
water be evaporated, a white powder remains which eflfervesces with 
acids. If this powder is put mto a retort, and sulphuric acid dilated 
with water, is poured upon it, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, and 
the salt remaining in the retort will be sulphate of lime or gypsum. 

25. Mix one part of nitric add with 5 or 6 parts of water in a vial; 
into this put some copper filings, and in a few moments pour off the 
liquid ; it will be colorless. If now there be added some liquid 
ammonia, another colorless fluid, the mixture becomes of an in- 
tense and beautiful blue. Hence ammonia is a most delicate test 
for the presence of copper, with which it strikes a deep blue color. 
See p. 187. 

26. Put into a vial of pure water a few drops of the tincture of 
nut galls, made by steeping the galls in water ; into another vial of 
pure water put a ^ain or two of the sulphate of iron. If these col- 
orless fluids are mixed, they instantly become black. Tincture of galls 
is a most delicate test for the presence of iron, with which it strikes 
a black. These two substances form the basis of ink. See p. 187. 

27. Take two small glass jars, or tumblers, and fill one with car- 
bonic add gas, aftd the other with oxygen gas. Have them set up- 
right with a cover on each. If a lighted taper be plunged into the 
vessel containing the carbonic acid, it is extinguished instantly; but 
if it is immediately plunffed into the other jar containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See p. 236. 

28. Put eight or ten grains of oxy muriate of potash into a tea-cup, 
and then pour in two or three drachms of alcohol. — ^If now about 
two drachms of sulphuric acid is added, the mixture begins to dart 
forth little balls of blue fire, and in a minute or two the whole bursts 
into flame. The alcohol is inflamed by the chlorine which is set 
free from the salt, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p. 236. 

29. Into a glass tube half an inch or an inch wide, two or three 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm the tube, (but not at that part where the iodine is,) and im- 
mediately cork it tight; the tube remains colorless, there being 
only a few little specks here and there. If at any time the tube be 
warmed at that part where the iodine is, it is instantly filled with a 
gas of a most beautiful violet color. If care is taken to keep the 
tube well closed, so thai the lodm© does ivox e^cac^e,, when it takes 

the form of gas, this effect w\V\ aX'wa.^a \ie y^o^xml^^ njV^w'c^^x "^^ 
tube is w^armed. A tube wit\v two W\\>»,\v\ia^>^^N.*\^^ss;^^7^'^ 
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floss, containing the iodine hennetically sealed, would be betfer. 
uch a little apparatus would be quite a curiosity to those who know 
nothing of the nature of iodine. See p. 238. ' 

30. Write on paper with a solution of the nitrat of silver, taking 
care not to -have it so strong as to destroy the paper. So long as it 
in kept in the dark, ot if the paper be closely folded, the j^riting re- 
mains invisible ; but on exposure to the rays of the sun the charac- 
ters turn yellow, and finally black, so that they are perfecfly legible. 

Mr. Accum says, that this change of color is owing to the partial 
reduction of the oxyde of silver, from the light expelling a portion 
of its oxygen : the oxyde therefore approaches to the metallic state ; 
for when the blackness is examined with a deep, or powerful mag- 
nifier, the particles of metal may be distinctly seen. 
• 31. Write on paper with a dilute solution of common sugar of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dipped in water impregnated with sul- 
phuretted hydrogen, the metal is revived, and the Tetters appear in 
metallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
ide of lead, and causes it to re-approach to the metallic state; at 
the same time, the sulphur of the sulphuretted hydrogen gas com- 
bines with the metal thus regenerated, and converts it into a sul- 
phuret which exhibits the metallic color. 

32. Write on paper with a solution of the sulphate of copper. If 
this is strong, the writing will be of a faint green color ; if weak, 
the characters are invisible. On holding the paper over a vessel 
containing some liquid of ammonia, or if it be exposed to the action • 
of this gas in anjr other way, the writing assumes a beautiful blue 
color. On exposing the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

33. Put a small piece of phosphorus into a crucible, cover it close- 
ly with common chalk, so as to fill the crucible. I^et another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfectly red hot, remove them from the*fire, and 
when cold, the carbonic acid of the chalk will have been decom- 
posed, and the Black Charcoal, the basis of the acid, may be easily 

^^rceived amongst the materials. 

34. Into a large glass jar inverted upon a flat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub moistened with water, introduce a fiat, thick piece of heated 
iron, on which place some gum benzoin in gross powder. The ben- 
zoic acid, in consequence of tbe heat, will be separated, and ascend 
in white fumes, which will at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. This will 
serve as an example of Sublimation. 

35. Mix a little acetate of lead with an equal portion of sulphate 
of zinc, both in fine powder ; stir them together with a piece of 
glass or wood, and no cliemical change will be perceptible ; but if 
they be rubbed tooether in a mortar, the two solids will operate on 
each other ; an intimate union will take place, and a fluid will be 
produced. If alum or Glauber salt be used iixale^Ldof «^3^^\^a^fc ^^ 
2Jnr., the fs; criinent will Ko eCjUallv s\icces^tv\\. 

3(>. It Uw leuvesi of a plant, fresfi gavYieTeA,\>fe -^Xac^AVsi^^wss^^ 
very pure oxygeu ^as may be ixUecled. 



a48 

37. Put a little fresh calcined magnesia in a tearcup npon the 
hearth, and suddenly pour over it as much concentrated sulphuiic 
acid as will cover the magnesia. In an instant sparks will be throwD 
out, and the mixture will become completely ignited. 

38. If a few ]>ounds of a mixture of iron fihngs and sulphnr be 
made in paste with water, and buried in the ground for a few houis, 
the water, will be decomposed with so much rapidity, that combus- 
tion and flame will be the consequence. 

39. For want of a proper f lass vessel, a table spoonful of ether 
may be put into a moistened bladder, and the neck of the bladder 
closely tied. If hot water be then poured npon it, the ether will 
expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground into 
it ; introduce a few copper filings, then entirely fill it with liquid 
ammonia, and stop the phial so as to exclude all atmospheric air. 
If lefl in this state, no solution of the copper will be efl^ted. But if 
the bottle be afterwards left open for some time, and then stopped, 
the metal will dissolve, and the solution will be colorless. Let the 
stopper be now taken out, and the fluid will become blue, beginning 
at the sur&ce, and spreading gradually through the whole. If this 
blue solution has not been too long exposed to the air, and fresh 
copper filings be put in, affain stopping the bottle, the fluid will once 
iF'xre be deprived of its color, which it will recover only by the re- 
afimission of air. These effects may thus be repeatedly produced. 

41. If a spoonful of good alcohol and a httle boracic acid be stir- 
xod together in a tea-cup, and then set on fire, they will produce a 
beautiful green flame. 

42. Alloy a piece of silver with a portion of lead, place the alloy 
npon a piece of charcoal, attach a blow-pipe to a gasometer, charg- 
od with oxygen gas, light the charcoal first with a bit of paper, and 
keep up the heat bv pressing upon the machine. When the metals 
f^et into complete fusion, the lead will begin to burn, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show the fixity of the 
noble metals. 

43. Burn a piece of iron wire in a deflagrating jar of oxygen gas, 
and sufiTer it to bum till it goes out of itself. If a lighted wax taper 
be now let down into the gas, this will burn in it for some time, and 
then become extinguished. If ignited sulphur be now introduced 
this will also burn for a limited time. Lastly introduce a morsel of 
phosphorus^ and combustion will also follow m like manner. These 
experiments show the relative combustibility of different substances. 

44. I^iop a piece of phosphorus, about the size of a pea, into a 
tumbler of hot water, and from a bladder, furnished with a stop 
cock, force a stream of oxygen gas directly upon it. This will af- 
ford the most brilliant combustion under water that can be imagined 

45. Take an amalgam of lead and mercury, and another amal- 
gam of bismuth, let these two solid amalgams be mixed by triture, 
and they will instantly become fluid. 

46. Into distilled water drop a httle spirituous solution of soap, do 
bamical efifect will be perceived ; but if some of the same solution 
9 added to hard water, a m\Mx\e^ viVLl vamvediately be produced, 
ore or Jess, according to the degie^ oi \\a Vca^\»^^l • ^^sia ^ «. 

DMthod of aaceitaimng the i^xm-Vj o^ «.vnxi^>R«x»t. 
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47. To silver, copper or brass. — Clean the article intended to be 
Bilrered, by means of dilute nitric acid, or by scouring it with a 
mixture of common salt and alum. When it is perfectly bright, 
moisten a little of the powder, known in commerce by the name of 
silvering powder, with water, and rub it for some time on the per- 
fectly clean surface of copper, or brass, which will become covered 
with a coat of metallic sUver. It may afterwards be polished with 
soft leather. 

Xhe silvering powder is prepared in the following manner : Dis- 
solve some silver in nitric acid, and put pieces of copper into the so- 
lution : this will throw down the silver m a state of metallic powder. 
Take fifteen or twenty grains of this powder, and mix with it two 
drachms of acidulous tartarite of potash, the same quantity of com- 
mon salt, and half a drachm of alum. Another. method : Precipi- 
tate silver from its solution in nitric acid by copper, as before ; to 
half an ounce of this silver, add conmion salt and muriate of anmio- 
nia, of each two ounces, and one drachm of corrosive sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensils intended to be silvered, that have been previ- 
ously boUed with acidulous tartarite of potash and alum, are to be 
rubbed ; after 'which they are to be made red hot and polished. 

48. To prove that the air of the atmosphere always contains car- 
bonic acid This may be shown by simply pouring any quantity of 
barytic water, or lime water, repeatedly from one vessel into an- 
other. The barytic water when deprived of the contact of air, is 
perfectly transparent ; but it instantly becomes milky, and a white 
precipitate, which is carbonate of barytes, is deposited, whea 
Drought into contact with it for a few minutes only. 

The quantity of carbonic acid contained in the atmosphere, sel- 
dom varies except in the immediate vicinity of places where respi- 
ration and combustion are going on in the large way, and is about 
one hundredth part. 
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Absorption of calorie, 40, 45 
Acetic add, SS8, 253 
AoetonB fennentation, 967 

add, 253 
Adduloiis gaseous mineral war 
terB,296 

salts, 254 
Adds, 202 
Aeriform, 31 
Afllnity, 23, 174 
Agate, 195 
Agrieahnre, 274 
Air, 95 
Albumen, 287 
Alburnum, 283 
Alchemists, 15 

Alcohol, or spirit of wine, 259 
Alembic, 127 
Alkalies, 181 
Alkaline earths, 182, 194 
Alloys, 163 
Alum> or sulphatof alumine, 196 

212 
Alumine, 196 
Alumium, 19 
Amalgam, 163 
Ambergris, 320 
Amethyst, 197 
Amianthus, 201 
Ammonia, or volatile alkali, 169, 

181, 188 
Ammoniacal gas, 188 

how obtained, 191 
Analysis, 138 

of vegetables, 241 
Animals, 288 
Animal acids, 292 

colors, 294 

heat, 311 

oil, 292 
Anjmalization, 287, 295 
Antidotes, 191 
Antimony, 20 
Aqam fortiB, 216 



Aqnaregia, 160 
ArTak,262 
Argand's lamp, 107 
Arsenic, 20 163, 165 
Arteries, 296 
Arterial blood, 306, 308 
Afl^haltnm, 270 
Assafoetida, 249 
Assimilation, 297 
Astringent prindple, 253 
Atmosphere, 61, 95, 108 
Atmospherical, air, 95 
Attraction of aggregation, or eft- 

hesion,~21, 171 
Attraction of composition, 33 

171 
Azote, or nitrogen, 214 
Azotic gas, 95 

B 

Balsams, 249 
Balloons, 122 
Bark, 282 
Barytes, 192, 197 
Basis of acids, 204 

gases, 30 

salts, 172 
Beer, 258 

Benzoic acid, 204, 253 
Bile, 303 
Birds, 297 
Bismuth, 20 
Bitumens, 270 

Black lead, or plumbago, 145 
Bleaching, 210 
Blow-pipe, 140, 153 
Blood, 303, 305 
Blood-vessels, 309 
Boiling water, 67 
Bombic acid, 292, 204 
Bones, 295 
Boracic acid, 204, 226 
BoT«xiv\im, 19, 227 
"Botox ol wA^^SfivSl 



Bread, 994 
Bncks, 107 
Brittle metals, 30 
Bronze, 163 
Butter, 318 
ButiBt-milk, 318 ' 
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absorption of, 4S 

conductors of, 48 

comliiDed, 69 

ezpenaue poweiof, 30,31 

equilibrium of, 39 

reflection of, 46 

radiation of, 40, 43 . 

solvent povei of, AS 

c^>acitT for, 70 
Coloiimelei, 83 
Calx, 103 
Cuapbor, 240 
Camphoric acid, 304, 353 
Caoutchouc, S40, 249 
Carbon Bis, 328 
Cvbonat of ammoaia, 390 

lead, 160 



potash, 184 
Carbonaled hjdrogen gu, 144 
Carbon, 137 
Carbonic acid, 142 
Carburet of iron, 145 
Carmine, 394 
CartUage, 387 
Castor, 321 

Cellular membrane, 300 
Caustics, 164 
Chalk, 199, 338 
Charcoal, 137 
Cheese, 330 
Cheminl attraetion, 91 
Cfaemistry, 13 
Chest, 305 
China, 197 
Chlorine, 18 
Chrome, 30 
Chyle, 398 
Chyme, 303 
Gtrvs uH, 304, 353 
Orealtioa of the bkied, 305 
Gret, Sai 
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Coke, 370 
-eb'al,370 
Cdl^E, 30 
CocUoeal, 374 
Cold, 40 

&om BTaporation, 80 
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Cornmbium, ^ 
Comlfined. Caloric, 69 
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volatile products of, 10? 
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of Edcohol, 363 
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ofboraouun, 337 
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chlorine, 331 

of carbon, 140 

of coals, 119, 14fi 
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of candles, 118, W 

of diamonds, 140 

of ether, 386 

ofhydrogen, 100, lis 

of iron, 105 

of metals, 168 

of oils, 147 

of oil of turpentine by ni- 
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IB acid, 31 
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of sulphur. 
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of sulphur, 128 

of potassipjn, 168 
Compound bodies, 17 

or neutral salts, 189 
Conduclors of heal, 44 

solids, 60 

fluids, 61 
Count RamArd's theory, fil 
CoQstitueBt parla, 17 
Copper, 30, 146 
Copal, 349 
Conical layers, 383 
Co^ledons, or lobe, 378 
Cream, 318 
Craam of tattai, or tartrit of pot- 

Mh,363 
Cryophorus, 88 
Crystallization, IG9 
Cucurbit, 137 
Culinary heat, 55 
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of vagetablea, 954 

of pobii^, 168 

of Boda, 169 

of anuaooia, 109 

of the boncie acid, 387 

of the flaoric add, 328 

of tha moriatie acid, 339 

Deflagralion, 221 

Definite proportions, 177 

Deiiqueaceoce, 2H 

Dslonation, 115, 13! 

Diamond, 198 
Diaphia^ni, 301 
Digestion, 308 

Dissolution of mel&la, 67, IftT 
Distillaiion, 137,208 

of red wine, 961 
Birellent forcea, 176 
DiTision, 16 

Drying oils, 346 . 

Dyeing, S60 

E 
Eartba, 181 
Earthen ware, Ifl7 
EOarrBBcence, 157 
Efflorescence, 211 
ElMtic fluids, 31 
Electricity, 86,90, OB 
Electric mactiioe, 88 
Eleclro-magnetiBni, M 
Elective attraction, 174 
Elementary bodies, 17 
Tlllxirs, tinctures, or qninleccen- 

ces, 263 
Enainsl, 197 
Epidermis of Te^etablet, S89 

of animals, 300 
Epsom salts, 201 
EquiUbrium of caloric, 30 
EmencBs, 147,237 
Essential or volatile oila, 147,347 
Ether, 65, 3G5 
JSraporattOd, 61 



Ereigraras, SSS 
Eudiometer, 134 
I, Expansion of csioric, 30 
EstractiTe Ooloiing matter, SM 

F 
Falling stones, 101 
Fat, 318 
Feathers, SOO 
Fecula, 344 
Fermentation, 350 
Fibrins, 387, 393 
Fire, 16, 96 
Rsb, 316 

I^sM air, or oaiboaie add, 140 
233 

alkalies, 121 

oils, 146, 345 
- products of eombustioD, 106 
name, 119 
Flini, 185, 195 
Flower of UoBSom, 384 
Fluoric add, 298 
Flaoriom, or Fluorine, 38, »■ 
Formic add, S93 
Foeail wood, 371 
Frankincense, 949 
Free or radiant calorie, or heat 

of tempeiatnre, SS 
Freeang misturea, 77 

by evaporation, 85, 80 
Frost, 62 
Fruit, 285 
Fuller's earth, 106 
Furnace, 145, 150 



Galla, 253 

Gallat, of iron, 213 

Gallic acid, 313, 253 

GalTanism, 85 

Gas, 95 

Gas-lights, 130 

Gaseous oiyd of cuboQ, nitto- 

gen, 14a, 317 
Gastric juice, 303 
Gelatine, or jelly, 287, 988 
Germination, 377 
Gin, S69 
Glands, 395, 209 
Glass, 185 
Glauber's salts, oi anlphst tt 

soda, 184 
Gtuins:, 197 



Glue, 189 
Gloten, S44 
Gold, 20, 160 
Gam, 242 

arable, 232 

elastic, or eaovtehoue, 249 

1681118,249 

Gmipowder, 221 
Gypsum, or faster of Puisy or 
Bolphat of lime, 212 

H 

Hair, 289 

Harrogate water, 132 

Hartshorn, 188, 190 

Heart, 305 

wood, 283 

Heat, 26 

of capacity, 71, 74 
of temperature, 29 

Honey, 244 

Horns, 289 

Hydro-carbonat, 124, 145 

Hydrogen, 109 

gas, 110 

I&J 

Jasper, 195 
Ice, 83 
Jelly, 289 
Jet, 270 
Ignes fatoi, 135 
Ignition, 68 

Imponderable agents, 18 
Inflammable air, 109 
Ink, 213 
Insects, 254 
Integrant parts, 17 
Iodine, 109, 237 
Iridium, 20 
Iron, 20, 150, 161 
Isinglass, 289 
Ivory black, 294 



Kali, 187 
Koumiss, 320 



K 



Lac, 321 

Lactic acid, 292, 320 

Lakes, colors, 250 

Lamp without flame, 107| 322 

Latent heat, 73 

liavender water, 263 



Lead, 90, 151, 150 

Leather, 251, 991 

LeaTes, 280 

Life, 239 

Ligunents, 296 

Light, 18 

Lightning, 215 

Lime, 198 

lime water, 199 

Limestone, 196 

Linseed ml, 246 

LiqueuiB, 263 

lirer, 299 

Lobes, 278, 309 

Lunar caustic, or nitrat of a^ 

▼er, 164, 229 
Limgs, 307, 309 
Lymph, 298 
Lymphatic Teasels, 293 

M 

Blagnetic, needle, 94 
Magnesia, 201 
Magnium, 19 
BCaEc acid, 204, 953 
Malt, 258 

Malleable metals, 20 
Manganese, 20, 150 
Manna, 241 
Manure, 274 
Marble, 226 

Marine acid, or muriatio acid, 994 
Mastic, 249. 263 
Materials of animals, 287 
of Tegetablea, 939 
Mercury, 20, 162 

new miode of fireesdng, 93« 
163 
Metallic acids 160 
oxyds, 150 
Metals, 149 
Meteoric stones, 161 
Mica, 201 
MUk, 288, 299 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miner's lamp, 125 
Mixture, 60 
Molybdena, 20, 160 
Mordant, 250 
Mortar, 201 
Mucilage, 241 
Mucous acid, 204, 241 

m«nbn&e, 800 



Montio acid, or marine acid, Oxalic acid, 204, 853 

299 Oxyds, 102, 157 

Mnriats, 234 Oxyd of manganese, 105 
Moriat of ammonia, 188, 237 iron, 102 

lime, 78 lead, 151 

Boda, or common salt, sulphur, 201 

187, 234 Oxydation, or oxygenation, 157 

potash, 235 Oxygen, 18, 129 
Moriatom, 19 gas, or vital air, 95 

Muscles of animals, 295 Oxy-munatic acid, 230 

Musk, 321 Oxy-muriats, 235 

Myrrh, 249 Oxy-muriat of potash, ^-25 

N P 

Naphtha, 270 Palladium, 20, 163 

Negative electricity, 25, 84, 88 Papin's digester, 290 
Nerves, 299 Parenchyma, 277, 283 

Neutral, or compound salts, 202 Particles, 21 
Nickel, 20, 161 Pearl-ash, 183 

Nitre, or nitrat of potash, or salt- Peat, 271 

petre, 215, 224 Peculiar juice of plants, 283 

Nitric acid, 214 Perfect metals, 20, 153 

Nitrogen, or azote, 96 Perfumes, 247 

^BS, 96 Perspiration, 310 

Nitro-munatic acid, or aqua regis, Petruaction, 269 

160 Pewter, 162 

Nitrous acid gas, 217 Pharmacy, 14 

air, or nitric, oxyd gas, Phosphat of lime, 213 
218 Phosphoretted hydrogen gas, 

Nitrats, 221 135 

Nitrat of copper, 165 Phosphorescence, 28 

ammonia, 219, 221 ~ Phosphoric acid, 213 

potash, or nitre, or saltpe- Phosphorus, 132 

tre, 215 acid, 213 

silver, or lunar caustic, Phosphoret of lime, 135 
222 sulphur, 136 

Nomenclature of acids, 202 Pitch, 248 

compound salts, 172 Plaster, 201 
Nomenclature of other hinarycpm- Platina, 20, 153 

pounds, 135 Platjna ignited by a lamp witli- 

Nut^galls, 213 out a flame, 322 

Nut-oil, 245 Plating, 162 

Nutrition, 295 Plumbago, or black lead, 161 

Plumula, 278 
O Porcelain 197 

Ochres, 151 Positive electricity, 25, 84, 88 

Oils, 146, 247 Potassium, 168 

Oil of amber, 271 Pottery, 197 

vitriol, or sulphuzio acid, Potash, 182 
206 Precipitate, 24 

Olive-oil, 245 Pressure of the atmosphere, 67, 

Ores, 150 68 

Organized bodies, 239 Printers' Ink, 932 

Qi;gaii0 of animals, 299 Prassiat of iron, or Prossiu 

vegetaUM, 91^ VAue^ 994 

Quaium, 20, 163 V^v&a^<»^ 



I^russic acid, S93 
Patrid fermentation, 968, 321 
Pyrites 212, 161 
P3nrometer, 32 



Quicklime, 1^ 
Qaiescent forces, 176 - 

R 

Radiation of caloric, 89 

Prevost's tlieory, 40 • 
Pictet's explanations, 4 
Leslie^s illustrations, 44 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 

Reflection of caloric, 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

Reviving of metals, 156 

Rhodium, 20, 163^ 

Roasting metals, tZO 

Rock crystal, 195 

Ruby, 193 

Rum, 261 

Rust, 150, 155 



Saccharine fermentation, 257 
Sal ammoniac, or muriat of am- 
monia, 188 
polychrest, or sulphat of pot- 
ash, 210 
volatile, or carbonat of ammo- 
nia, 190 
Salifiable basis, 172 
Salifying principles, 172 
Saltpetre, or mtre, or nitrat of 

potash, 220 
Salt, 210 
Sand, 195 
Sandstone, 195 



Silicium, 19 
Silk, 321 
Silver, 153 
Simple bodies, 18 
Size, 289 
Skin, 288 

Slacking of lime, 300 
Slate, 196 

Smelting metals, 150 
Smoke, 107 
Soap, 183 
Soda, 187, 169 

water, 143 
Sodium, 19, 169 
Soils, 273 
Soldering, 162 
SolubiUty, 211 
Solution, 58 

by t!ie air, 61 

of potash, 185 
Specific heat, 70 
Spermaceti, 320 
Spirits, 261 

Spirit lamp, 364 ^^ 

Starch-sugar, 243 ^ 

Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 201 . 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Succin, or yellow amber, 371 
Succinic acid, 2^4, 253 
Sugar, 240, 259 

of milk, 319 
Sulphats, 211 
Super-oxygenated sulphuric 

acid, 202 
Sulphat of alumina, or alum 

196, 212 

barytes, 198 

iron, 212 

lime. 'TT^ trvr*^" 



ntDsx; 



Snlpliiixeti, 160 
Solphoreoas add, 130, 908 
Solphnno acid, 807 
Sympathetie ink, 166 
SyntiieaiB, 138 



Tu,861 

Tannin, 951 

Tar, 948 

Tartaxoiu acid, 953 

T^LTtiit of potash, 254 

Teeth, 306 

Tellariom, 20 

Temperature, 29 

Thaw, 85 

Thermometers, 34, 35 
Fahrenheit's, 34 
Reaumur's, 34 
Centrigrade, 34 
air, 35 
differentia], 36 

Thunder, 123 

Tin, 20 

Titanium, 20, 16a 

Turf, 270 

Turpentine, 173 

Transpiration of plants, 279 

Tungsten, 20, 160 



Vapor, 68, 76, 266 
Vaporization, 61 
Varnishes, 249 
Vegetables, 238 
Vegetable acid, 240, 148 

colors, 250 

heat_285 

oils, 244 
Veins, 301, 306 
Venous blood, 306, 808 
Ventricles, 307 



Terdigris, 165 

Vessel, 998 

Vinegar, 967 

Vinous fennentation, 25d 

Vital air, or oxygen gas, 96 

Vitriol, or sulphat of iron, 206 

Volatile oils, 240, 244, 247 

products of combustion 
106 

alkali, 181, 188 
Voltaic battery, 86, 149, 153, IM , 
179 

U 
Uranium, 20 

W 
Water, t<l9, ^9 

decomposition of, by dee* 
tricily, 113 • 

of the sea, 54 . 

condensation of, 54 « 

boiling, 58 

solution by, 58 * 

of crystallization, 159 
Wax, 320, 246 
Whey, 318 
Wine, 258 
Wood, 283 

Woody fibre, 240, 259 
Wool, 296 



Yeast, 267 
Yttria, 192 
Yttrium, 19 



Zinc, 19 
Zicomia 192 
Zincomium, 19 
Zoonic acid, 204, 999 
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